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ABSTRACT
Computer Aided structural analysis processes are highly 
dependent on the use of computer graphics. The objective of 
this work is to evolve techniques that allow structural 
analysts, designers and architects to work with computer 
graphics in a convenient manner.
The formex approach of data generation is explained through a 
number of examples. This approach enables data to be 
generated very conveniently for the purposes of structural 
analysis. Also, introduced are the main features of an 
interactive programming language which acts as a vehicle to 
implement the concepts of formex algebra.
' ■ /
An attempt to investigate the possibility of using the 
concepts of formex graphics in postprocessing stages of 
structural analysis is presented. This enables output of 
structural analysis programs to be graphically displayed so 
that plots of structural configurations can be shown in both 
their deformed and undeformed shapes. It is also shown that 
it is possible to employ the concepts of formex graphics in 
order to produce axial force, shear force, bending moment and 
torque diagrams in a manner that they can be visualized 
conveniently.
To my parentsf
brothers
and
sisters
ACKNOWLEDGEMENTS
\
The author wishes to express his sincere gratitude to all 
those helped in making the completion of this work possible.
Initiating the subject, unfailing advices, supervision and 
encouragement by Dr H Nooshin are highly appreciated.
The help of the advisory staff of the Computing Unit of the 
University of Surrey is gratefully acknowledged.
\
Thanks are due to Mr P Disney of the Space Structures 
Research Centre for keeping Formian working at all times and 
for his cooperation at the prelimenary stages of this work.
Special thanks go to all colleages and friends at the 
University of Surrey and in particular those at the Space 
Structures Reasearch Centre for their continuous help, 
unfailing suggestions, moral support and friendship 
throughout the preparation period of this work.
5CONTENTS
Page
ABSTRACT 2
ACKNOWLEDGEMENTS 4
1 INTRODUCTION
1.1 General 10
1.2 Scope of The Work 12
2 CONCEPTS OF FORMEX ALGEBRA
2.1 Introduction 14
2.2 Basic Definitions and Properties 14
2.2.1 Formices 14
2.2.2 Formex Relations 18
2.2.2.1 Equality of Formices 18
2.2.2.2 Variants of a Formex 19
2.2.2.3 Sequations of a Formex 20
2.2.3 Composition of Formices 20
2.2.4 Libra Notation 21
2.3 Formex Graphics 23
2.3.1 Formex plots 23
2.3.2 Retronorms 27
2.3.3 Plotting Styles 31
2.3.4 Retrobases and probases 34
2.3.5 Standard Retronorms 37
62.4 Transflection Functions 45
2.4.1 Translation Functions 48
2.4.2 Rindle Functions 50
2.4.3 Reflection Functions 51
2.4.4 Lambda Functions 55
2.4.5 Vertition Functions 55
2.4.6 Rosette Functions 59
2.4.7 Projection Functions 60
2.4.8 Dilatation Functions 62
2.4.9 Gemmination Functions 65
2.4.10 Triad Functions 66
2.4.11 Generic Formulation 68
2.5 Introflection Functions 69
2.5.1 Pexum Function 69
2.5.2 Cordation Functions 73
2.5.3 Relection Functions 79
2.5.4 Brevic Notation 81
2.6 Node Numbering 85
2.6.1 Concept of a Catena 85
2.6.2 Dictum Functions 86
2.6.3 Seviation Functions 93
2.6.4 Latitude Functions 94
2.6.5 Novation Functions 95
2.7 Formex Collation 100
2.7.1 Concept of rapportance 100
2.7.2 Process of Rapportation 103
2.7.3 Rapported Sequation Functions 105
2.7.4 Rapported Variant Functions 107
2.8 Further Formex Functions 109
2.8.1 Tectrix Functions 111
2.8.2 Vinculum Functions 113
2.8.3 Pansion Functions 116
72.8.4 Depansion Functions 120
2.8.5 Medulla Function 121
2.8.6 Rapported Medulla Functions 122
3 INTRODUCTION TO FORMIAN
3.1 Introduction 125
3.2 Formian Language 125
3.2.1 Integer and Floatal Constants 126
3.2.2 Integer and Floatal Variables 127
3.2.3 Operations 127
3.2.4 Expressions 128
3.2.5 Arithmatic Expressions 128
3.2.6 Formex Expressions 129
3.2.7 The Assignment Statements 130
3.2.8 Formex Formations 131
3.2.9 Libra Composition 132
3.2.10 Formex Functions 132
3.2.11 Information Transfer Statements 133
3.2.12 The Formian Interpreter 137
3.2.13 String Constants and the
Assignment String Statement 139
3.2.14 Control Statements 140
3.2.15 Schemes 142
3.2.16 Surrey Implementation of Formian 142
3.3 Basic Concepts of Formian Graphics 143
3.3.1 Image Creation 144
3.3.2 Forming a Plot 144
3.3.3 Viewing 147
3.3.4 View Type 152
3.3.5 View Field 154
3.3.6 Picture Production 157
3.3.7 View Frame 157
3.3.8 Orientation, Position and
«Size of The Picture 166
3.3.9 View Rise and View Helm 166
3.3.10 View Base and View Nave 176
3.3.11 View Scale and View Gauge 180
3.3.12 View Mode 188
3.3.13 The Nave Mode 189
3.3.14 The Range Mode 190
3.3.15 The Zone Mode 195
4 USER'S DEFINED RETROCORDS
4.1 Introduction 201
4.2 Object and Picture Retrocords 202
4.3 User's Defined retrocords 205
4.4 Use of User's Defined Tenons 207
4.5, Use of User's Defined Fronds 217
4.6 Use of Retrocords in Hidden Line
and Hidden Surface Algorithms 235
5 STANDARD RETROCORDS IN FORMIAN
5.1 Introduction 244
5.2 Selecting a Graphic Device 244
5.3 Selecting a Drawing Pen 246
5.4 Use of Line Style Retrocord 248
5.5 Use of Arrows 261
5.6 Use of Dot Retrocord 264
5.7 Use of Circle Retrocord 272
5.8 Use of Number Style 275
5.9 Use of Marginate Natural Plotting Style 285
6 FORMEX GRAPHICS IN POSTPROCESSING
6.1 Introduction 305
6.2 Preprocessing 305
6.3 Processing 306
6.4 Postprocessing 307
3
6.5 Graphical Representations of Displacements 307
6.6 Graphical Representations of Forces and Moments 309
6.7 Numerical Examples 313
6.7.1 Example 1 313
6.7.2 Example 2 329
CONCLUDING REMARKS 372
REFERENCES 374
10
/
INTRODUCTION
1.1 GENERAL
Nowadays, computers and automated graphics are playing a 
major role in the structural analysis processes. In general, 
the solution of a computer aided structural analysis problem 
may be considered to involve three stages: preprocessing,
processing and postprocessing. In the preprocessing stage 
data is generated. The structure is analysed in the 
processing stage and the results are presented in the final 
stage.
Experience shows that data generation for structures, and in 
particular, large and/or complex structures is a costly, time 
consuming and error-prone process. This fact has opened a 
new field of research and a large number of approachs to 
solve these problems have been published in the last few 
years. To date, most approaches suffer from the lack of 
generality. Simply, because they were developed for certain 
types of structural elements or geometrical properties. 
Formex algebra, on the other hand, stands alone as an algebra 
which provides a powerful mathematical basis for a new 
approach to data generation for structures of various 
geometrical and topological properties.
The early ideas on which formex algebra is based, were 
developed by H. Nooshin during the years 1972-1973. A pa-per 
containing these ideas was presented to an invited audience 
at one of the London offices of the British Steel Corporation 
in March 1974 (1) . A modified version of this paper was 
subsequently published in the International Journal of
Computers and Structures in 1975 (2).
The early ideas went through substantial transformations 
during the years that followed and a major revision of the 
concepts of formex algebra was written in June 1978 in terms 
of a paper presented at a short course on Analysis, Design 
and Construction of Double Layer Grids, held at the 
University of Surrey in September 1978 (3). A modified
version of this work was written in April 1979 and was 
subsequently published as the 4th Chapter of the book :
"Analysis, Design and Construction of Double Layer
Grids" (4).
An illustration of the application of the concepts of formex 
algebra in formulating the interconnection pattern of single 
layer braced barrel vaults was presented as a paper at a
short course on Analysis, Design and Construction of Braced 
Barrel Vaults, held at the University of Surrey in 1983 (5).
This paper was then published as Chapter 3 of the book : 
"Analysis, Desin and Construction of Braced Barrel 
Vaults" (6).
A full account of the concepts of 
published in 1984 as a book entitled :
"Formex Configuration Processing
Engineering" (7).
Since 1975, a number of postgraduate students has worked on 
developing new functions, applications and implementations 
for formex algebra. Many of these works were presented in 
the form of reports, papers, chapters of books, PhD theses or 
MSc disertations. Titles of a number of these works are 
listed in the reference list as references 8 to 21.
In his thesis, M. Haristchian (12) introduced the first 
attempt to implement the concepts of formex algebra in a 
computing environment which took the form of a number of
formex algebra was 
in Structural
Fortran subroutines. This approach was considered convenient 
at that time, but from experience it was realised that by 
using a high level general purpose language such as Fortran, 
the simple structure of a formex formulation is hidden in a 
plethora of statements in order to translate the formex 
notation into a form acceptable to Fortran.
As a result of the above observation, a research team headed 
by H. Nooshin started working on producing a new computing 
language which may allow the use of statements which adhere 
closely to the notation used in formex algebra. This
language has been called "Formian" and the early results of 
this work were presented in 1984 by P. Disney and 0.
El-labbar at the 3rd International Conference on Space 
Structures, as an introduction to Formian (22), leaving the 
details of the language to a document which will be published 
in due course.
In the last few years, formex algebra started getting world
wide acceptance. Some further references to works in this
area are given as references 23 to 28.
1.2 SCOPE OF THE WORK
The ideas of formex algebra have been evolved originally for 
automated data preparation and computer graphics in relation 
to analysis of structures and, in particular, space 
structures. The generality of these ideas makes it possible 
to apply the concepts of formex algebra in other fields.
The objective of this work is to demonstrate the capabilities 
of the concepts of formex algebra in relation to both 
preprocessing and postprocessing stages of the structural 
analysis processes. Furthermore, the use of these concepts 
in a computing einveronment is considered and Formian is 
taken as a medium to achieve this goal.
The material of this thesis is arranged in the following 
order :
The preliminary definitions and concepts of formex algebra 
are introduced in Chapter 2.
In Chapter 3 an informal introduction to the Formian 
language, particularly the Formian graphics, is given.
In Chapters 4 and 5 the capabilities of formex graphics in 
relation to data generation are explored.
An attempt to investigate the possibility of using the 
concepts of formex graphics in postprocessing is given as 
Chapter 6‘.
Conclusions and suggestions for further work are included at 
the end of the work.
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CONCEPTS OF FORMEX ALGEBRA
2.1 INTRODUCTION
Formex algebra is a mathematical system that consists of a 
set of abstract objects, known as formices, and a number of 
rules in accordance with which these objects may be 
manipulated.
The concepts of this algebra are described in the present 
Chapter, where the definitions are in accordance with those 
set by H. Nooshin (7) .
2.2 BASIC DEFINITIONS AND PROPERTIES
In this Section, elemental concepts that form the kernel of 
formex algebra are introduced.
2.2.1 FORMICES
A "formex" is a mathematical entity that consists of an 
arrangement of integers. These integers can be arranged in 
many different ways. Every one of these arrangements may 
give rise to a special type of a formex.
The first possible arrangement is a single integer. This
type of formex is referred to as a "uniple".
The secohd,possibility is a sequence of one or more uniples, 
and that is referred to as a "reglet". The number of uniples
in a reglet is referred to as the "grade" of the reglet. A
uniple is considered to be a reglet of the first grade.
The third possible arrangement is a sequence of one or more 
8reglets of the same grade, this type is referred to as a 
"maniple". The grade of these reglets is referred to as the 
grade of the maniple, and the number of these reglets is 
referred to as the "plexitude" of the maniple. A reglet is a 
maniple of the first plexitude, and a uniple is a maniple of 
the first grade and plexitude.
The fourth possible arrangement is a sequence of zero or more 
maniples of the same grade. This arrangement gives the most 
general form of a "formex". The grade of these maniples is 
referred to as the grade of the formex, and the number of
these maniples in a formex is referred to as the "order" of
the formex.
A formex of no maniples can exist and this is referred to as 
the "empty formex". The order of the empty formex is equal 
to zero and its grade is considered to be arbitrary.
A formex of the first grade, plexitude, and, order (a uniple) 
can be written in the form
U.
An example of that is 
7-
A formex of the first plexitude and order, and of the nth 
grade (a reglet) can be written in the form
I o
[U1,U2,.....,Un].
An example of that is 
[8,5,11].
A formex of the first order, nth grade and mth plexitude 
(a maniple) can be written in the form
[U11,U12,...,Uln; U21,U22,...,U2n; Uml,Um2,...,Umn].
An example is
[0,0,0; 1,2,4; -2,3,2].
A formex of the rth order, nth grade and mth plexitude can be 
written as
{Ml,M2,---- ,Mr} ,
where each one of the entities Ml,M2, ,Mr is a maniple.
An example is > t
{[3,8; 5,7],[4,5],[2,6; -9,13}.
This is a formex of the 3rd order and the second grade.
The empty formex is written as {}.
Certain component parts of a formex of the general form have 
special names. To elaborate, let a formex F be equal to
{Ml,M2,......Mr},
any one of the maniples Ml,M2,.....,Mr is referred to as a
"cantle" of F. Also, if F is of the nth grade then any 
reglet of the nth grade that is contained in F is referred to 
as a "signet" of F.
For example, if E is the formex
{[9,3,4; 5,1,7],[1,3,8; 1,1,2; 7,7,6]}
then
[9,3,4; 5,1,7] and [1,3,8; 1,1,2; 7,7,6] 
both are cantles of E, and 
[9,3/4] and [5,1,7] 
both are signets of E.
The serial position number of a cantle in a formex is 
referred to as the "orderate" of that cantle.
For example, the orderate of the cantle
[1,3,8; 1,1,2; 7,7,6]
in the formex E is 2.
A formex is said to be "homogeneous" provided that all of its 
cantles are of the same plexitude and is said to be
"nonhomogeneous" otherwise.
A homogeneous formex of the first plexitude is referred to as 
an "ingot". For example,
{[9,1,3],[4,5,1],[2,3,2]}
is an ingot of the third order and grade.
2.2.2 FORMEX RELATIONS
A formex El may relate to another formex E2 in one of the 
following three ways :
(1) El is equal to E2.
(2) El and E2 are variants of each other.
(3) El and E2 are sequations of each other.
Before discussing these three formex relations, the idea of 
the "constitution" of a formex should be introduced. Two 
formices El and E2 are said to be of the same constitution 
provided that they are of the same order and grade and that 
every cantle in El is of the same plexitude as the 
corresponding cantle in E2. For example,
{[3,8; 7,6],[2,2]}
and
{[1,1; 11,3],[55,61]}
are two formices of the same constitution.
2. 2.2.1 EQUALITY OF FORMICES
Two formices El and E2 are said to be "equal" provided that 
they are of the same constitution and that every uniple in El 
is equal to the corresponding uniple in E2•
For example, the formices
El={[i,j],[m,n; p,q]}
and
E2={[6,4],[3,2; 5,4]}
are said to be equal if and only if i=6, j=4, m=3, n=2, 
p=5 and q=4.
2.2.2.2 VARIANTS OF A FORMEX
Two formices El and E2 are said to be "variants" of each
other provided that they are of the same constitution and
that every cantle in E2 may be obtained from the
corresponding cantle of El by a rearrangement of the
positions of its signets. This implies that every two equal 
formices are variants of each other, and the relationship of 
equality is bound to be a special case of the relationship of 
being variants.
For example
El={[11,27],[15,1],[21,5; 7,22]}
and
E2=[[11,27],[15,1],[7,22; 21,5]) 
are variants of each other.
A formex is said to be "prolate" provided that it contains 
cantles that are variants of one another and is said to be 
"nonprolate" otherwise.
For example, if
G1={[2,5,6],[1,7,9,8],[5,3,4]}
and
G2={[2,6; 7,4],[5,6; 2,3],[7,4; 2,6]}
then G1 is a nonprolate formex and G2 is a prolate formex.
A uniple, a reglet or a maniple is nonprolate and so is the 
empty formex.
2.2.2.3 SEQUATIONS OF A FORMEX
Two formices El and E2 are said to be "sequations" of each 
other provided that one may be obtained from the other by a 
rearrangement of the positions of its cantles. This implies 
that every two equal formices are sequations of each other, 
and the relationship of equality is bound to be a special 
case of the relationship of being sequations.
For example
El={[31,17,11],[5,25,35]}
and
E2={[5,25,35],[31,17,11]}
are sequations of each other.
2.2.3 COMPOSITION OF FORMICES
Provided that El and E2 are two formices of the same grade 
the "composition" of these two formices is defined as a
formex E3 that consists of all the. cantles of El, appearing 
in the same order as in El, followed by all the cantles of 
E2, appearing in the same order as in E2, and the
relationship between El and E2 is written as
E3 = El # E2
The symbole # is referred to as the "duplus symbol"and E1#E2
is read as "El duplus E2".
Both the process of composing two or more formices and the 
result of this process is referred to as a "composition" of 
these two or more formices.
Formex composion has the following properties
1-Provided that El and E2 are formices of the same grade, in 
general
(a) El # E2 = E2 # El
(b) E # (F # G) = (E # F) # G
(c) E # F and F # E are sequations of each other.
2-For any formex E
E #{} = {}# E = E .
An example of the composition of two formices can be given by 
assuming that
El={[2,3; 4,6],[1,6; 5,7])
and
E2={[12,11; 17,4],[6,5; 7,6],[31,12; 11,2]} '
then the composition of these two formices is the formex
E3={[2,3; 4,6],[1,6; 5,7],[12,11; 17,4],
[6,5; 7, 8], [31,12; 11,2]}.
2.2.4 LIBRA NOTATION
The construct 
n
-----  Ei
i=m
is referred to as a "libra composition", and the notation 
used is referred to as the "libra notation".
This construct is a shorthand form of writing a formex that 
is the result of composing a sequence of formices each of 
which can be obtained by substituting a value for i in Ei.
The symbol is referred to as the "libra symbol", and
r n
the construct— ;---- is referred to as a "libra operator"# and
. i=m
the integer variable i is referred to as a "libra variable".
An example is 
3
G = {[i,i+l]#[i,i+2]} which is equal to
L i=l
{Cl#2]#Cl,3]#[2/3]#[2#4]#[3,4],[3#5]} .
In the present work# the above shorthand is written in the 
form
lib ( i=m# n) ( Ei
where the symbol ] is called the "rallus symbol" and is read 
as "of". The libra operator is therefore represented by 
lib(i=m,n)].
In composing two or more formices using the libra composition 
the following rules apply :
(1) If m < n then
lib( i=m# n) ] Ei = Em # Em+1 # .... # En-1 # En .
(2) If m = n then 
lib(i=m#n)|Ei = Em.
(3) If m > n # then
lib( i=m#n) (Ei = Em # Em-1 # .... # En+1 # En .
The general form of a libra composition may contain a 
sequence of libra operators, an example is the formex
\
G = lib(il=ml,nl)|lib(i2=m2#n2)( ... 1ib(i r=mr # nr)J E
where r^l -
If r=l then the libra composition is said to be "simple".
If r>l then the libra composition is said to be ‘'nested", and. 
may be referred to as a "r-nested" libra composition.
In general, the formex G may be obtained by proceeding from 
the left and substituting for the libra variable in the order 
il,i2,...,ir . For example, the libra composition
lib(i=2,3)jlib(j=i,4)J[i,j] equals to
lib(j=2,4)|[2,j] # lib(j=3,4)[[3,j] and the result of 
that is
{[2,2],[2,3],[2,4],[3,3],[3,4]}.
2.3 FORMEX GRAPHICS
A formex plot is a graphical representation of a 
configuration represented by a formex. In order to achieve a 
formex formulation of any configuration a number of tools are 
required. Such tools are introduced in this Section.
2.3.1 FORMEX P10TS
Let it be required to represent the formex
El = {[2,2; 3,2],[3,2; 3,5],[3,5; 2,5],
[2,5; 2,2],[1,1; 2,2],[3,2; 4,1],
[3,5; 4,6],[2,5; 1,6],[1,6; 1,1],
[1,1; 4,1],[4,1; 4,6],[4,6; 1,6]}
graphically in a two dimensional Cartesian coordinate system. 
In general, any graphical representation of a formex is 
referred to as a "plot" of that formex. A part of a plot 
that represents a signet of a formex is referred to as a 
"tenon" and a paft of a plot that represents a cantle of 
second or higher plexitude is referred to as a "frond".
Fig 2.3.1 shows a plot of the formex El. In this plot the
C. I
following conventions are used :
(1) Every signet [U1,U2] of El is represented by a little
circle whose centre is given by the point
x — U1 
y = U2.
(2) Every cantle of El is represented by the little circles 
that correspond to its signets, with a straight line joining 
these circles. The line is labelled by the orderate of the 
cantle and an arrowhead is placed on the line to indicate the 
order of appearance of the signets in the cantle.
This means that every tenon of the formex El is drawn 
relative to a point. This point is referred to as a "pivot",
and the pivots are located using the equatins
x = U1 
y = U2.
Such equations which specify coordinates of a pivot in terms 
of the uniples of a typical signet, are referred to as 
"coordinate equations".
In general, a tenon or a frond can be drawn in any shape 
which suits a certain application, and a choice for an aspect 
of a certain shape of a tenon or a frond (a circle and a 
straight line, respectively, as used in the previous example) 
is referred to as a "retrocord".
As an example of the use of another set of retrocords, other 
than the one used above, consider the formex
E2 = {[2,2; 3,2; 3,5; 2,5],[1,1;.2,2],[3,2; 4,1],
[3,5; 4,6],[2,5; 1,6],[1,6; 1,1],[1,1; 4,1], 
[4,1; 4,6],[4,6; 1,6],[4,1; 1,1],[3,7]}
and let it be required to plot this formex in accordance with 
the set of retrocords used above in addition to the following 
retrocords :
(1) The frond of a 4-plex cantle such as the first cantle of 
E2 is drawn as a shaded quadrilateral, where the order of 
appearance of the signets in the cantle is indicated by 
arrowheads and where the edge that connects the first and the 
last tenon has no arrowhead.
(2) In the case when the fronds of two cantles of the second 
plexitude are coincident, these fronds are drawn in displaced 
positions. Such a retrocord is used in drawing the fronds of 
the seventh and tenth cantles of E2.
(3) The graphical representation of a cantle of the first: 
plexitude is a tenon which is labelled with the appropriate 
orderate. This retrocord is used in relation to the eleventh 
cantle of E2.
Fig 2.3.2 shows a plot of the formex E2 drawn in accordance 
with the retrocords mentioned above. The plot is produced 
using a polar coordinate system, and the following coordinate
equations are used :
' ^
r = U1
© = U2( tt /18) .
It should be mentioned that the correlation between the 
grades of formices and the dimensions of the coordinate 
systems is incidental, and in general, a formex of any grade 
may be plotted with respect to one, two or three dimensional 
coordinate systems.
Fig 2.3.2
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2.3.2 RETRONORMS
A set of rules through which the signets of a formex may be 
mapped into pivots of a plot is referred to as a "retronorm".
Depending on the way a retronorm is defined a retronorm may 
be one of the following three types :
(1) A formal retronorm.
(2) A graphical retronorm.
(3) A tabular retronorm.
A formal retronorm is a retronorm defined through 
mathematical formulae and/or descriptive statements in a 
natural language, and it may include one or more coordinate 
equations of the general form
ft = f(Ul,U2, ... ,Un)
where
ft is a coordinate
and
U1,U2, ... ,Un are the uniples of a typical signet.
For instance, ft may be either of the coordinates : 
x,y,z of a Cartesian coordinate system, 
or
r,0 of a polar coordinate system,
or
r,9,z of a cylindrical coordinate system, 
or
r,©, Y of a spherical coordinate system.
The symbol f represents a mathematical funcion, with the 
condition that within the ranges of values for the uniples, 
the entity
f(Ul,U2, ... ,Un)
is a uniquely determined real number.
In plotting the two formices El and E2 of Figs 2.3.1 and 
2.3.2/ two formal retronorms are used, namely the equations
x = Ul , y=U2
and
r = Ul , ©=U2( "/18) .
A graphical retronorm is a retronorm defined in terms of a 
graphical construction. To give an example of the use of a 
graphical retronorm, let it be required to plot the formex El 
using the coordinate equations :
x = 2U1 
y = 2U2.
It is possible to plot an array of points indicating all 
possible pivot positions in the region of interest. In this 
example ranges of 1 to 4 for Ul and 1 to 6 for U2 are chosen. 
In Fig 2.3.3 such an array is plotted in addition to two 
families of dotted lines. These dotted lines help to clearly 
define the array of points. Such an array of points, or such 
a grid of lines that defines such an array of points, is 
referred to as a "normat". Each one of the grid lines is 
referred to as a "normat line" and each of the grid points is 
referred to as a "normat point". The term "normat" is used 
as an alternative name for a graphical retronorm.
A tabular retronorm is a retronorm defined in terms of a 
table. Such a retronorm can be used for irregular and 
nonstandard configurations. In order to illustrate the use 
of a tabular retronorm, Table 2.3.1 is used to draw the 
normat of Fig 2.3.4 then formex El of Fig 2.3.1 is plotted 
using this normat as shown in Fig 2.3.5.
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U2 i 2 3 4 5 6
i
X -3.1 -3.8 -4.3 -3.9 -3.5 -2.3
y -1.8 0.0 1.4 2.8 4.3 5.5
2
X -0.3 -0.9 -1.5 -1.5 -0.4 -0.2
y -0.9 0.4 1.5 2.7 4.0 5.1
3
X 2.0 ■ 1.0 0.5 0.8 1.8 1.1
y -0.7 0.6 ' 1.5 3.1 4.5 5.8
4
X 5.3 4.0 2.9 2.4 2.4 2.4
y -0.7 0.5 1.4 3.0 4.6 6.1
Table 2.3.1
Fig 2.3.1
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2.3.3 PLOTTING STYLES
In plotting a formex, one may start with specifying a 
retronorm and then adopt a set of retrocords in accordance 
with which the tenons and fronds can be drawn.
Plotting styles depend on the retrocords adopted, and in 
practice it is convenient to write in terms of one of three 
types of plotting styles. These are referred to as the 
"radix", "natural" and "Zygmunt" plotting styles. A plot 
obtained using one of these plotting styles is referred to as 
radix, natural or Zygmunt plot, respectively, or for short, 
as R, N or Z-plot, respectively. Also, a retrocord used with 
each of these plotting styles is referred to as a radix, 
natural or Zygmunt retrocord, respectively.
The radix plotting style is the style used to plot the two 
formices El and E2 of Fig 2.3.1 and Fig 2.3.2.
In the radix plotting style, if no information regarding 
labelling of the graphical representation of the cantles by 
their respective orderate is provided, then it is assumed 
that the inclusion of these labels is optional.
In plotting the formex
E3 = {[3,3; 4,4;' 3,5; 2,4],[1,3; 2,4],[4,4; 5,3],
[2,2; 3,3; 4,2],[3.6],[2,1; 4,1; 4,2; 2,2]}
in a natural plotting style, the retrocords employed may be 
described as follows :
(1) The frond of a cantle of the mth plexitude, where m>l, is 
obtained by drawing straight lines to connect the pivots 
relating to its signets in sequence, and, in addition, if m>2 
then the pivots relating to the first and the last signets 
are connected to each other by a straight line.
(2) No special symbol for a tenon is used, except when the 
tenon represents a cantle in which case it is drawn as a 
little solid circle.
(3) No indication regarding the order of appearance of the 
signets in a cantle is included.
(4) No indication regarding the orderates of the cantles is 
included.
(5) A segment of the plot that involves overlapping parts is 
represented only once.
i
A natural plot of E3 is shown in Fig 2.3.6.
The third type of formex plotting styles, namely the Zygmunt 
plot, may be defined as a formex plot that represents a 
multi-layer configuration and in which variations in the 
forms of fronds and/or tenons are used to identify a layer 
from the others.
The configuration of Fig 2.3.7 is plotted using the Zygmunt 
plotting style, and the retrocords used are similar to the 
natural retrocords except that :
(1)The elemets in the top layer are drawn using a solid line.
(2)Thd elements in the bottom layer are drawn in a dashed 
line .
(3)The bracing elements are drawn in a dotted line.
The use of different symbols to indicate joints in different 
layers is considered as a second technique for a Z-plot. The 
configuration of Fig 2.3.8 is plotted using this second 
'technique. In Fig 2.3.8 the following retrocords are used in 
addition to the ones used in drawing Fig 2.3.7 :
(l)The top joints are indicated by hollow circles.
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(2)The bottom joints are indicated by little solid circles.
2.3.4 RETROBASES AND PROBASES
A set of rules through which a formex may be plotted is 
referred to as a "retrobasis". Hence, a retrobasis consists 
of a retronorm and a set of retrocords. The retronorm is 
used to determine the pivot positions and the retrocords are 
used to specify the shapes of tenons and fronds.
in contrast, a set of rules through which a geometric 
configuration may be represented by a formex is referred to 
as a "probasis". A retrobasis consists of a retronorm and 
retrocords, in an analogous manner a probasis consists of a 
"pronorm" and a set of "procords". A pronorm provides 
information about the uniples in the formex and procords 
provide information regarding the correspondance between the 
component parts of the configuration and the signets and 
cantles of the formex.
Retronorms and retrocords have been introduced earlier but 
pronorms and procords need to be introduced. Retronorms are 
classified into formal, graphical and tabular, and in an 
analogous manner, pronorms are classified into formal, 
graphical and tabular pronorms.
A formal pronorm may contain one or more "uniple equations", 
where a uniple equation is of the general form
' U = f( , ^ 2 #'•••/ ) ■
where
U is a uniple
and
, ^2 , ... , are variables representing
geometric coordinates.
Examples of the uniple equations are
Ul = (15+x)/5 
U2 = 25+3y
i
Where [U1/U2] is a typical signet of a formex.
To illustrate the use of pronorms and procords let it be
required .to write a formex formulation for the configuration 
of Fig 2.3.9. In this case the following procords may be 
used :
(1) Every one of the numbered triangles in the configuration 
should be represented by a 3-plex cantle.
(2) The cantles must appear in the formex in the same order 
as their corresponding triangle appear in the figure.
(3) Each corner of a triangle should be represented by a 
signet.
(4) The order of appearance of the signets in the cantles 
should be as indicated by dotted lines in triangle 1.
The graphical pronorm indicated in the figure may be used,
and the required formex will be
E4 = {[1,1; 3,1; 2,2],[3,1; 4,2; 2,2],[3,1; 5,1; 4,2], 
[4,2; 5,1; 6,2],[5,1; 7,1; 6,2],[4,2; 6,2; 5,3], 
[4,2; 5,3; 3,3],[2,2; 4,2; 3,3],[3,3; 5,3; 4,4]}.
In general, procords may be specified relaying on logical 
implications in various applications, and the following 
conventions may be adopted :
(1) If no information regarding the order of appearance of 
cantles is provided, then it is assumed that this order is
o 
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arbitrary.
(2) If no information regarding the order of appearance of 
the signets in cantles is provided, then it is assumed that 
this order is arbitrary.
If two formex plots are produced using the same retrobasis 
then these two plots are said to be "homobasic" and said to 
be "nonhomobasic" otherwise. Also, two formices produced 
using the same probasis are said to be "homobasic" and said 
to be "nonhomobasic" othewise.
2.3.5 STANDARD RETRONORMS
In practice, the following six categories of retronorms are 
mostly used :
(1)"Unifect retronorm"
(2)"Bifect retronorm"
(3)"Trifect retronorm"
(4)"Polar retronorm"
(5)"Cylindrical retronorm"
(6)"Spherical retronorm". .
Each of the above retronorms relates to a commonly used 
coordinate system. For example, a unifect retronorm relates 
to a one dimensional Cartesian coordinate system, and is 
defined by a coordinate equation of the form
x = f (Ul, U2, -- ,Un) .
In Table 2.3.2 a list of these six categories of retronorms 
is given together with the coordinate system that each 
relates to, in addition to the coordinate equation(s) 
associated with each retronorm.
Some special cases of the retronorms given above are 
classified as standard retronorms. There are three families
of retronorms, namely, "basiant", "pariant" and "metriant" 
families of retronorms.
t
The particulars of the basiant family of retronorms are given 
in Table 2.3.3, where bl,b2 and b3 are coefficients which are 
referred to as "basifactors".
Basifactors are classified into two types , namely, "linear" 
and "angular" basifactors. Linear basifactors are those 
associated with linear coordinates x,y,z and r, and angular 
basifactors are those associated with angular coordinates 9 
and Y . Linear basifactors are given in terms of length
units, and angular basifactors are given in terms of angular
units.
For example, a bifect retronorm with 
bl = 3 unit length,
and
b2 = 2 unit length,
gives rise to the normat a part of which is shown in Fig
2.3.10. A basipolar retronorm with
unit length, 
degrees,
gives rise to the normat a part of which is shown in Fig
2.3.11. A basicylindrical retronorm with
bl = 2 unit length,
b2 = 16 degrees
and
b3 = 1 unit length,
bl = 1
and
b2 = 20
Retronorm
category
Coordinate
system
Coordinate
equations
Unifeet One dimensional Cartesian x=f(Ul,U2,.../Un)
Bifect Two dimensional Cartesian x=fl(Ul,U2,.. 
y=f2(Ul,U2,..
• /Un)
• / Un)
Trifect Three dimensional Cartesian x=fl(Ul,U2,.. 
]pf2(Ul,U2,.. 
z=f3(Ul,U2,..
• /Un) 
./Un)
• /Un)
Polar Polar r=fl(Ul,U2,.. 
©=f2(Ul,U2,..
./Un)
./Un)
Cylindrical Cylindrical r=fl(Ul,U2,.. 
©=f2(Ul,U2,.. 
z=f3(Ul,U2,..
./Un)
./Un)
./Un)
Spherical Spherical . r=fl(Ul#U2,.. 
Q=f2(Ul,U2,. -. 
Y=f3(Ul,U2,..
./Un)
./Un)
./Un)
Table 2.3.2
Name Coordinate equations
Basiunifect x=bl*Ul
Basibifect x=bl*Ul
y=bl*U2
Basitrifect x=bl*Ul
y=b2*U2
z=b3*U3
Basipolar r=bl*Ul
0=b2*U2
Basicylindrical r=bl*Ul
©=b2*U2
z=b3*U3
Basispherical r=bl*Ul
0=b2*U2
Y=b3*U3
Table 2.3.3
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Fig 2.3.11
gives rise to the normat a part of which is shown in Fig
2.3.12. A basisplierical retronorm with
bl = 1
b2 = 36
unit length 
degrees
and
b3 = 4 degrees
gives rise to the normat a part of which is shown in Fig
It should be mentioned that, if b is an angular basifactor 
and if
N*b = 2 tt
then one may specify b directly by giving the value of b, or 
may specify b indirect]/by giving the value of N. In such 
cases b may be specified by stating that the retronorm is 
"N-sect". For instance, the basipolar retronorm of Fig 
2.3.11 may be referred to as 18-sect retronorm. The 
basicylindrical retronorm of Fig 2.3.12 maybe referred to as 
a 22.5-sect retronorm, and, the basispherical retronorm of 
Fig 2.3.13 may be referred to as a 90-10-sect retronorm.
The particulars of the pariant family of retronorms are 
given in Table 2.3.4.
As a result of comparing Table 2.3.4 with Table 2.3.3, one 
can say that pariant retronorms are special cases of basiant 
retronorms. Pariant retronorms are obtained by letting every 
linear basifactor to be equal to one unit length.
The particulars of the metriant family of retronorms are 
given in Table 2.3.5, where
2.3.13
bl,b2 and b3 are the basifactors,
~l c.
r <— *----------'-------— ►
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Marne Coordinate equations
Pariunifeet X=U1
Paribifeet x=Ul
y=U2
Paritrifeet x=Ul
y=U2
z=U3
Paripolar r=Ul
©=b2*U2
Paricylindrical r=Ul
8=b2*U2
z=U3
Parispherical r=Ul
6=b2*U2
Y=b3*U3
Table 2.3.4
Name Coordinate equations
Metriunifect x=bl*met (Ul f ml)
Metribifeet
\
x=bl *met (Ul, ml) 
y=b2*met (U2, m2)
Metritrifeet x=bl*met (U1 / ml) 
y=b2 *met (U2, m2) 
z=b3*met (U3, m3)
Metripolar r=bl*met (Ul, ml) 
e=b2*met(U2,m2)
Metricylindrical r=bl*met(Ul,ml) 
©=b2*met(U2,rn2) 
z=b3*met (U3 / m3)
Metrispherical r=bl*met (Ul, ml) 
0=b2*met (U2, m2) 
Y =b3*met (U3, m3)
Table 2.3.5
and
ml,m2 and m3 are nonzero positive coefficients referred
to as "metrifactors".
For example, a metribifect retronorm with
unit length, 
unit length,
gives rise to the normat a part of which is shown in Fig 
2.3.14.' With the help of this figure the effect of the 
metrifactors can be visualized.
The definitions of metriant retronorms involve a particular 
scalar function. This function is referred to as a "metril 
function". The metril function is based on the concept of 
geometric progression.
In order to explain the metril function, let U be an integer, 
and m be a nonzero positive real number. Let R be obtained 
in accordance with the following rule :
If U>0 then
2 u—1R = 1+m+m + ..... +m
and if U = 0  then 
R = 0 
and if U<0 then
bl = 1 
b2 = 2 
ml = 1.2
and
m2 = 0.95
_ _ 2 R = -1-m-m - -U-l-m.
Figure 2.3.15 shows a graphical representation of a 
metripolar retronorm with
bl = 1 unit length,
b2 = 36 degrees,
ml = 0.9
and
m2 = 1.3.
2.4 TRANSFLECTION FUNCTIONS
Before introducing transflection functions, one needs to 
explain the concept of formex functions.
In scalar algebra, the relation
y = f(x)
I
is a rule by which y can be determined for every value of x. 
y and x are referred to as dependent and independent 
variables, respectively, and f is referred to as a function 
defining the relationship between x and y.
In an analogous manner, a relationship between two formices E 
and G is written as
G = 0 { E
where G and E are considered as dependent and indepent 
formices, and 0 is a function defining the relation between E 
and G. The symbol ] is referred to as the "rallus symbol", 
and read as "of", as mentioned earlier.
i
In general, the following notation is used to define certain 
relationships between formex functions :
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(1) If a formex G is expressible in terms of a formex E as
G = 0 J E
then it may happen that E can be expressed in terms of G too. 
In such cases the function 0 is said to have an inverse, and' 
the relation can be written as
-1
E = 0 |G
2
(2) 0 [ 0 J E is written as 0 ]E, 
and
-1 -1 -1 -3
0 |0 [0 (E is written as 0 [E.
This means that a composite function obtained from repeating 
a function 0, say r times, is denoted by 0 r.
2 3 5
(3) 0 !0 jE is written as 0 !e .
r 1 r 1 1 ni n
Thus, a composite function that consists of 0 and 0 is
m+n
equivalent to 0 .
0 0
(4) 0 jE = E, hence, 0 is considered as an "identity
function".
A formex formulation which is based on the mere use of the 
process of formex composition, is referred to as a "primitive 
formulation". For example, the formex formulation
El = lib(i=l,14)jlib(j=l,16)j[i,j; i+l,j+l]
is a primitive formulation 
and
E2 = 0|El
is not a primitive formulation.
There exists a family of formex functions that are referred 
to as "transflectin functions". This family consists of the 
following basic classes of functions :
(1)Translation functions
(2)Reflection functions
(3)Vertition functions
(4)Projection functions
(5)Dilatation functions.
These functions are discussed in the sequel.
2.4.1 TRANSLATION FUNCTIONS
Let E be a formex of the nth grade, q be an integer and h be
a nonzero positive integer less than or equal to n. Let a
formex G be obtained from E by replacing every signet
[U1,U2, ... ,Un] 
of E by
[W1,W2, ... ,Wn]
where for all values of i = 1,2,...,n except for i=h
Wi = Ui 
and where
Wh = Uh+q.
The rule by which E is transformesd into G is symbolized in
terms of a function. This function is denoted by
tran(h,q)
and is referred to as a "translation function". The formex G 
is referred to as a translation of E and the relation between 
E and G is written as
G = tran(h,q)[E
where h and q are referred to as "canonic variables" .
Any translation of the empty formex is considered to be the 
empty formex itself.
For example, if
HI = [3,2; 4,3; 3,4; 2,3],
H2 = tran( 1,14)*! HI,
and
H3 = lib(j=2,4)
H 4 =  lib(i=2,5)
H5 = lib(j=2,4)
H6 = lib(j=2,4)
tran(2,2j)
tran(1,2i)
tran(2,2j)
lib(i=2,5)
H2,
HI,
HI
tran(l,2i)jtran(2,2j)!HI,
then H2 and H3 are found to be
and
H2 = [17,2; 18,3; 17,4; 16,3]
H3 = {[17,7; 18,8; 17,9; 16,8],
[17,9; 18,10; 17,11; 16,10],
[17,11; 18,12; 17,13; 16,12]}
Paribifect N-plots of HI to H6 are shown in Fig 2.4.1 where 
the plot of Hi is denoted by Pi.
The translation function indicates that the above formex G 
may be obtained by translating the formex E parallel to the 
Uh axis by q units.
Translation functions have the following basic properties :
(1)Translation functions are commutative. Thus,
tran(hl,ql)[tran(h2,q2)[E = tran(h2,q2)jtran(hl,ql)jE.
(2) tran(h,q)~^jE = tran(h,-q) j E. That is, the inverse of a
*
translation function tran(h,q) is the translation function 
tran(h,-q).
(3) tran(hl,ql)]tran(hl,ql)jE = tran(h,ql+q2)[E 
and this implies that, if p is any integer, then
tran(h,q)P [E = tran(h,pq)]E .
2.4.2 RINDLE FUNCTIONS
A particular construct involving the concepts of libra 
composition and translation function occurs frequently in 
formex formulations. The general form of this construct may 
be represented by
lib(v=0,s-1)jtran(h,p*v)|F,
If h, p and F are independent of the libra variable v and if 
s>0, then the above libra composition may be written as
rin(h,s,p)]F 
where
rin(h,s,p)
is referred to as a "rindle function", and where the canonic 
variables s and p are referred to as "spread" and "pace", 
respectively.
For example, if
FI = {[1,2; 11,2; 11,5; 1,5],[2,5; 10,5; 9,6; 3,6],
vJ I
[2,3? 5,3; 5,4; 2,4],[7,3; 10,3; 10,4; 7,4],
[3,2; 3,1; 4,1; 4,2],[8,2; 8,1; 9,1?9,2]}
and
F2 = lib(i=0,3)|lib(j=0,1)|tran(1,13i)|tran(2,8j)|FI
then F2 may be written in terms of a rindle function as
/
F2 = rin( 1, 4,13 ) | rin( 2, 2, 8) | FI.
Paribifect N-plot of F2 is shown in Fig 2.4.2. .
2.4.3 REFLECTION FUNCTIONS
Let E be a formex of the nth grade and h be a nonzero
positive integer less than or equal to n. Also, let q be
either an integer or a peninteger, where a "peninteger" is 
defined as a rational number of the form M/2 with M being an 
odd integer. Let a formex G be obtained from E by replacing 
every signet
[U1,U2, ... ,Un]
of E by
LW1,W2, ... ,Wn]
where for all values of i = 1,2,...,n except for i=h
Wi = Ui 
and where
Wh = 2q-Uh.
The rule by which E is transformed into G is symbolized in
terms of a function. This function is denoted by
ref(h,q)
and is referred to as a “reflection function". The formex G 
is referred to as a reflection of E and the relation between
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E and G is written as
G = ref(h,q)|E.
Any reflection of the empty formex is considered to be the 
empty formex itself.
For example, if
FI = {[1,1; 9,1; 9,11; 1,11],[5,1; 5,2],[8,6; 9,6],
[5,10; 5,11],[1,6; 2/6],[5,6; 7,10],[5,6; 7,4]}, 
F2 = ref(1,13)|F1,
F3 = ref(2,12)|F1,
and
F4 = ref(2,12)|F2,
then F2, F3 and F4 are found to be
F2 = {[25,1 ; 17,1; 17,11; 25,11],
[21,1; 21,2],[18,6; 17,6],[21,10; 21,11],
[25,6; 24,6],[21,6; 19,10],[21,6; 19,4]},
F3 = {[1,23; 9,23; 9,13; 1,13],[5,23; 5,22],
[8,18; 9,18],[5,14; 5,13],[1,18; 2,18],
[15,18; 7,14],[5,18; 7,20]},
and
F4 = {[25,23; 17,23; 17,13; 25, 13],[21,23; 21,22],
[18,18; 7,18],[21,14; 21,13],[25,18 ; 24,18],
[21,18? 19,14],[21,18; 19,20]}.
Paribifect N-plots of FI to F4 are shown in Fig 2.4.3 where 
the plot of Fi is denoted by Pi.
Examination of these plots reveals that if
Fj = ref(h,q)|Fi
then Pj is obtained as the mirror image of Pi with respect to 
a plane which is normal to the Uh axis and intersects it at a 
point for which Uh=q. Thus, P2 is the mirror image of PI 
with respect to a plane perpendicular to the U1 axis at Ul=13 
and P3 is the mirror image of PI with respect to a plane 
which is perpendicular to the U2 axis at U2=12.
Reflection functions have the following basic properties :
(1)Reflection functions that correspond to different 
directions are commutative. That is, if hi ^ h2, then
ref(hl,ql)|ref(h2,q2)]E = ref(h2,q2)|ref(hl,ql)jE.
(2)The inverse of the reflection function is the reflection 
function itself. That is,
ref(h,q) [E = ref(h,q)[E.
This implies that if p is an even integer, then 
P
ref(h,q) (E = E
and, if p is an odd integer, then 
P
ref(h,q) (E = ref(h,q)]E.
(3)In general, every translation function may be written down 
as a combination of two reflection functions. That is, if
G = tran(h,q)]E
then one may write
G =ref(h,t+q/2)Jref(h,t)jE
where t is either an integer or a peninteger.
2.4.4 LAMBDA FUNCTIONS
The construct
lib(i=0,1)|ref(h^q)1 |E
occurs freqeuntly in formex formulations. A convenient way 
of representing this construct is to write it down as
lam(h,q)]E 
where
lam(h,q)
is referred to as a "lambda function" and represents 
lib(i=0,l)‘refChjq)1 .
For example, if
FI = [2,1; 3,2; 2,3? 1,2] 
then instead of
F2 = lib(i=0,1)Jref(1,3)1 JFI 
one may write
F2 = lam(1,3)JFI.
2.4.5 VERTITION FUNCTIONS
Let E be a formex of the nth grade with n being greater than 
or equal to 2. Also, let hi and h2, hi £ h2, be two nonzero 
positive integers less than or equal to n. Furthermore, let 
ql and q2 be either any two integers or any two penintegers. 
Thus, ql=-2, q2=7 and ql=3/2, q2=17/2 are acceptable pairs,
but ql=3, q2=-17/2 and ql=15/2, q2=6 are not. Let a formex G 
be obtained from E by replacing every signet
[Ul,U2, ... ,Un]
of E by
[W1,V72, . . . ,Wn]
where for all values of i=l,2, ... ,n except for i=hl and
i=h2
Wi = Ui 
and where
Whl = q2+ql-Uh2
and
Wh2 = q2-ql+Uhl.
The rule by which E is transformed into G is symbolized in
terms of a function. This function is denoted by
ver(hl,h2,ql,q2)
and is referred to as a "vertition function". The formex G
is referred to as a vertition of E and the relation between E
and G is written as
G = ver(hl,h2,ql,q2)|E.
Any vertition of the empty formex is considered to be the
empty formex itself.
For example, if
El = [11,6; 12,2; 13,6; 15,7; 13,8;
14,10; 12,8; 10,10; 11,8; 9,7],
E2 = ver(1,2,12,13)j E1,
E3 = ver(1,2,12,13)j E2
and
E4 = ver(1,2,12,13)j E3
then E2,E3 and E4 are found to be
E2 = [19,12; 23,13; 19,14; 18,16; 17,14;
15,15; 17,13; 15,11; 17,12; 18,10], 
E3 = [13,20; 12,24; 11,20; 9,19; 11,18;
10,16; 12,18; 14,16; 13,18; 15,19]
and
E4 = [5,14; 1,13; 5,12; 6,10; 7,12;
9,11; 7,13; 9,15; 7,14; 6,16].
Paribifect N-plots of El to E4 are shown in Fig 2.4.4 where 
the plot of Ei is denoted by Pi.
Examination of these plots reveals that, if
Fj = ver(hl,h2,ql,q2)|Fi
then Pj is obtained by rotating Pi through 77 /2 about an axis 
that is perpendicular to the Uhl-Uh2 plane and intersects the 
plane at a point for which Uhl=ql and Uh2=q2 and where the
sense of the rotation is such that a rotation of Uhl through
71 /2 about the origin will map the positive side of Uhl onto 
that of Uh2. Thus, P2 is obtained by rotating PI through 
77/2 in the anticlockwise direction about the point Ul=12 and 
U2=l3.
Vertition functions have the following basic properties :
(1)Except for some special cases, vertition functions are not 
commutative.
(2) ver(hl,h2,ql,q2) 1 |E = ver(hi,h2,ql,q2)3JE.
That is the inverse of a vertition function is the cube of
itself.
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(3)If p is any integer, then
4p
ver (hl,h2,ql,q2) | E = E
That is,
4p
ver(hl,h2,ql,q2) 
is an identity function.
(4)A composite reflection function of the form
ref(hl,ql)]ref(h2,q2) 
may be written as
2ver(hl,h2,ql,q2) .
That is, if
G = ref(hl,ql)jref(h2,q2)]E 
one may say that
2
G = ver(hl,h2,ql,q2) .
2.4.6 ROSETTE FUNCTIONS
The construct
lib(i=0,3)|ver(hl,h2,ql,q2) ]E
occurs quite frequently in practice. A convenient way of 
representing this construct is to write it as
ros(hl,h2,ql,q2)jE 
where
ros(hi,h2,ql,q2)
is referred to as a "rosette function" and represents
lib(i=0,3)|ver(hl,h2,ql,q2)i .
2.4.7 PROJECTION FUNCTIONS
Let E be a formex of the nth grade, q be any integer and h be
a nonzero positve integer less than or equal to n. Let a
formex G be obtained from E by replacing every signet
[U1,U2, ... , Un] 
of E by
[W1,W2, ... ,Wn]
where for all values of i = 1,2,...,n except for i=h
*
Wi = Ui 
and where
Wh = q.
The rule by which E is transformed into G is symbolized in
terms of a function. This function is denoted by
proj(h,q)
and is referred to as a "projection function". The formex G 
is referred to as a projection of E and the relation between 
E and G is written as
G = proj(h,q)J E.
Any projection of the empty formex is considered to be the 
empty formex itself.
For example, if
Fl = rin(2,ll,l)][0,0,0; 1,0,0] #
rin(2,10,l)j[l,0,0; 1,1,0],
F2 = proj(3,5)|Fl
and
F3 = pro j (3,10) j Fl
then basicylindrical N-plots of these formices with 
basifactors
bl = 5 unit length
b2 = 18 degrees
and
b3 = 1 unit length
give rise to the plots denoted by PI to P3 in Fig 2.4.5.
Examination of these plots reveals that if
Fj = proj(h,q)]Fi
then Pj is obtained by projecting Pi onto a plane that is 
perpendicular to the Uh axis and intersects it at a point for 
which Uh=q.
Projection functions have the following basic properties :
(1)In general, a projection function has no inverse.
(2)Projection functions that correspond to different 
directions are commutative. That is if hi =£ h2, then
proj(hi,ql)|proj(h2,q2)|E = pro j (h2, q2) j pro j (hl,ql) | E.
(3)A combination of two or more projection functions that 
correspond to the same direction is equivalent to the last 
projection function implemented. That is,
proj(h,qk)(•••(proj(h,q2)(proj(h,ql)[E = proj(h,qk)|E.
This in tern implies that if p is a nonzero positive integer,
then
proj(h,q)P |E = proj(h,q)]E.
2.4.8 DILATATION FUNCTIONS
Let E be a formex of the nth grade and h be a nonzero 
positive integer less than or equal to n. Also, let q be a 
rational number such that if Uh denotes the hth uniple of a 
signet of E, then for every signet of E the product q*Uh is 
an integer. Let a formex G be obtained from E by replacing 
every signet
[U1,U2, ... ,Un]
of E by
[W1,W2, ... ,Wn]
where for all values of i = l,2...,n except for i=h
Wi = Ui 
and where
Wh = q*Uh.
The rule by which E is transformed into G is symbolized in 
terms of a function. This function is denoted by
dil(h,q)
and is referred to as a "dilatation function". The formex G 
is referred to as a dilatation of E and the relation between 
E and G is written as
G = dil(h,q)(E .
Any dilatation of the empty formex is considered to be the 
empty formex itself.
For example, if
A1 = rin(2,10,1)j[3,0; 3,1],
A2 = dil(1,2)|A1
and
A3 = dil(1,1/3){A1 
then basipolar plots of Al to A3 with basifactors 
bl = 1 unit length,
and
b2 = 18 degrees
give rise to the plots denoted by PI to P3 in Fig 2.4.6.
Examination of these plots reveals that, if
Fj = dil(h,q)|Fi
then Pj is obtained by a stretching or contraction of Pi by a 
factor of |q| in a direction parallel to the Uh axis.
Dilatation functions have the following basic properties :
(1)Dilatation functions that relate to different directions 
are commutative. That is, if hi £ h2, then
dil(hl,ql)|dil(h2,q2)|E = dil(h2,q2)|dil(hi,ql)jE.
(2)If q is a nonzero rational scalar, then 
dil(h,q)
has an inverse which is given by 
dil(h,l/q).
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2.4.9, GEMINATION FUNCTIONS
A "gemination function" is a transflection function that 
relates to two directions in accordance with the pattern to 
be discussed in the sequel. There are three categories of 
gemination functions and these are known as geminid, geminis 
and geminit functions.
A "geminid function" relates to directions 1 and 2 in the 
order 1,2. The name of a geminid function is obtained by 
adding the word geminid to the function from which the 
geminid function is derived, and the abbreviation for a 
geminid function is obtained by attaching the suffix "id" to 
the. abbriviated name of the function from which the geminid 
function is derived.
There exist a set of eight geminid functions. These are :
(1
(2
(3
(4
(5
(6
(7
(8
Translation geminid function. 
Rindle geminid function. 
Reflection geminid function. 
Lambda geminid function. 
Vertition geminid function. 
Rosette geminid function. 
Projection geminid function. 
Dilatation geminid function.
The particulars of these functions are given in Table 2.4.1 
in which the functions appear in the same order as they 
appear in the list given above.
In an analogous manner, there is a set of eight gemination 
functions that relate to direction's 1 and 3 in the order 1,3 
and a set of eight gemination functions that relate to 
directions 2 and 3 in the order 2,3. The name "geminis 
function" and the suffix "is" are used in relation to the 
former set and the name "geminit.function" and the suffix 
"it" are used for the latter.
For.example, the construct
tranis(m,n) 
is equivalent to
tran(3,n)(tran(l,m)
and is referred to as a "translation geminis function", 
the construct
tranit(m,n) 
is equivalent to
tran(3,n)[tran(2,m)
and is referred to as a "translation geminit function" .
2.4.10 TRIAD FUNCTIONS
A "triad function" is a transflection function that relates 
to directions 1,2 and 3 in the order 1,2,3. There are six 
types of triad functions. These are :
(1
(2
(3
(4
(5
(6
Translation triad function. 
Rindle triad function. 
Reflection triad function. 
Lambda triad function. 
Projection triad function. 
Dilatation triad function.
The abbreviation for a triad function is obtained by 
attaching the suffix "ad" to the abbreviated name of the 
function from which the triad function is derived.
Particulars of the triad functions are given in Table 2.4.2 
where the functions appear in the same order as they appear 
in the list given above.
For example, if
Function Equivalent to
tranid(ql,q2) tran(2,q2)jtran(l,ql)
rinid(SI,S2, pi, p2) rin(2,S2,p2)]rin(l,Sl,pl)
refid (ql,q2) ref(2,q2)jref(l,ql)
lainid(ql,q2) lam(2,q2) |lam(l,ql)
verid(ql,q2) ver(l,2,ql,q2)
rosid(ql,q2) ros( 1,2,ql,q2)
projid(ql,q2) proj(2,q2)|proj(l,ql)
dilid(ql,q2) dil(2,q2)Jdil(l,ql)
Table 2.4.1
Function Equivalent to
tranad(ql,q2,q3) tran(3,q3) jtran(2,q2) |tran(l,ql)
rinad(sl,s2,s3,pl,p2,p3) rin(3,s3,p3) ]rin(2,s2,p2) jrin(l,sl,pl)
refad(ql,q2,q3) ref(3,q3)|ref(2,q2)jref(l,ql)
lamad (ql, q2, q3) lam( 3, q3) \ lam( 2, q2) j lam( 1, ql)
pro jad (ql,q2,q3) pro j (3, q3) [ pro j (2, q2) [pro j (1, ql)
dilad(ql,q2,q3) dil(3,q3)|dil(2,q2)|dil(l,ql)
Table 2.4.2
G = tran(3,11)jtran(2,15)Jtran(l,5)jE
then G may be written as 
G = tranad(5,15,11)|E.
2.4.11 GENERIC FORMULATION
Consider the single layer grid a plan view of which is shown 
in Fig 2.4.7 , and let it be required to write a formulation 
for the interconnection pattern of a family of grids, that 
have a configuration similar, to the grid of Fig 2.4.7 and in 
which there are m bays in the first direction and n bays in 
the second direction . Such a formulation may be written as
GIP(m,n)|E1#E2#E3 
where
El = rinid(m,n,2,2)|rosid(2,2)|[1,2; 2,1]
E2 = lam(2,n+1)[rin(1,m~l,2)|[2,1; 4,1]
and
E3 = lam(l,m+l)Jrin(2,n-l,2)j[1,2? 1,4].
Here, GIP is the name given to the formulation (standing for 
Grid Interconnection Pattern) and the parameters list 
specifies the order in which the parameters are to be given.
The process of formex formulation in terms of one or more 
parameters is referred to as a "generic formulation". The 
term "generic formulation" is also used to refer to the set 
of formex formulae written for generic formulation of a 
particular problem.
For example, using the generic formulation given above 
GIP(5,3)
will represent the interconnection pattern of the grid of Fig
2.4.7. Also,
GIP(8,2)
will be a formex representing the interconnection pattern of 
the grid of Fig 2.4.8, and a formex representing the 
interconnection pattern of the grid of Fig 2.4.9 may be 
written as
F = pex[rosid(6,3)j GIP(2,2).
2.5 INTROFLECTION FUNCTIONS
In order to formulate the interconnection pattern of a 
configuration, it is often convenient to start working in 
terms of a configuration that contains more elements than the 
actual configuration but is easier to formulate and then one 
arrives at a formulation for the actual configuration by 
disposing of the surplus elements. Such an approach is 
referred to as a "superpansive formulation", and a
formulation that does not involve superfluous elements is 
referred to as a "perpensive formulation". Introflection 
functions are formex functions used in order to curtail
formices by disposing of surplus cantles.
There are three classes of introflection functions. These 
are referred to as pexurn, cordation and relection functions. 
The class of cordation functions consists of four subclasses 
of functions. These subclasses are known as nexum, luxum, 
conexum and coluxum functions.
2.5.1 PEXUM FUNCTION
Consider a formex E and let every cantle C of E that
satisfies the following condition to be deleted from F :
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There are one or more cantles in E that are variants of C 
and whose orderates are less than that of C.
The resulting formex is referred to as the "pexum" of E.
The rule by which a formex is transformed into its pexum is 
symbolized in terms of a function. This function is denoted 
by "pex" and is referred to as as the "pexum function". If G 
is the pexum of a formex E, then the relation between E and G 
is written as
G = pex(E.
The pexum of the empty formex is considered to be the empty 
formex itself.
For example, if
F =  {[5,3; 2,4],[6,7; 3,1],[2,4; 5,3],[1,2]}
then
pex|F = {[5,3; 2,4],[6,7; 3,1],[1,2]}.
As an example of the application of the pexum function, 
cosider a structure consisting of a number of bar elements 
arranged in the way shown in Fig 2.5.1, and let it be 
required to write a formex formulation for the
interconnection pattern relative to the indicated pronorm. 
Such a formulation may be written down as
A1 = {[1,0; 2,1],[2,1; 2,2],[2,2; 1,3],
[1,3; 0,2],[0,2; 0,1],[0,1; 1,0]}
A2 = rinid(5,3,2,4)\A1,
A3 = rinid(4,2,2,4)|tranid(1,2)]A1
and
A4 = A2#A3.
A paribifect R-plot of A4 is shown in Fig 2.5.2. This Figure
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shows that some elements are doubly represented. In order to 
remove the surplus cantles one can use the pexum function so 
that the formex
A5 = pex[A4
represents the required formulation and a paribifect N-plot 
of A5 will give rise to the configuration of Fig 2.5.1.
Pexum function has the following basic properties :
(1)The pexum function has no inverse.
(2)If E is a nonprolate formex then 
pex[ E = E.
(3)If k is a nonzero positive integer then
kpex (E = pexjE.
2.5.2 CORDATION FUNCTIONS
Let E and F be two formices of the same grade and let 
formices G1 to G4 be obtained from E in the following manner:
G1 is obtained by deleting every cantle of E that
includes one or more signets that are not in F.
G2 is obtained by deleting every cantle of E that
includes one or more signets that are in F,
G3 is obtained by deleting every cantle of E that
consists of signets all of which are in F,
and
G4 is obtained by deleting every cantle of E that
consists of signets none of which are in F.
G1 is referred to as the "nexum" of E with respect to F 
the relation between E and G is written as
and
G1 = nex(F)|E.
G2 is referred to as the "luxum" of E with respect to F and 
the relation between E and G2 is written as
G2 = lux(F)]E.
G3 is referred to as the "conexum" of E with respect to F and 
the relation between E and G3 is written as
G 3 =  con(F)|E.
G4 is referred to as the "coluxum" of E with respect to F and 
the relation between E and G4 is written as
G4 = col(F)|E.
The functions nex(F), lux(F), con(F) and col(F) are referred 
to as "nexum function", "luxum function", "conexum function" 
and "coluxum function", respectively, and the term "cordation 
function" is used to refer to any of these functions. Also, 
the construct
cord(F)
is used to mean nex(F) or lux(F) or con(F) or col(F).
As an example, let
E = pex j rinid(5,10,1,1)!rosid(1/2,1/2)|[0,0;1,0],
F = {[2,4],[3,4],[2,5],[3,5],[2,6],[3,6]},
G1 = nex(F) 
G2 = lux(F) 
G3 = con(F)
E,
E,
E
/a
and
G4 = col(F)|E.
Basipolar N-plots of E,F and G1 to.G4 are shown in Figures
2.5.3 to 2.5.8, respectively, where the following basifactors 
are employed
bl = 1 unit length.
and
b2 =18 degrees.
Transflection functions discussed earlier provide an example 
of formex functions with scalar entities as canonic 
variables. The pexum function is an example of a formex 
function which has no canonic variable. Cordation functions 
are examples of formex functions that have formices as 
canonic variables.
Cordation functions have the following basic properties :
(1)A coordation function has no inverse.
(2)For any formex E
nex({})|E = {}, 
lux({})(E = E, 
con({})[E=E
and
col({})|E = {}.
(3)For any formex E
nex(E)|E = E, 
lux(E)j E = {}, 
con(E)|E = {}
and
col (E) ] E = E.
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(4)Let E and F be any two formices of the same grade. If all 
the cantles of E that constitute nex(F)|E are removed from E 
then the remaining formex is con(F)]E and vice versa. 
Similarly, if all the cantles of E that constitute lux(F)|E 
are removed from E then the remaining formex is col(F)[E and 
vice versa. Hence,
nex(F)|E # con(F)]E, 
con(F)jE # nex(F)]E, 
lux(F)|E # col(F)|E
and
col(F)|E # lux(F)]E 
are sequations of E.
(5)If E and F are any two formices of the same grade, then
nex(F)|con(F)j E = {}, 
con(F)|nex(F)jE = {}, 
lux(F)(col(F)|E = {}
and
col(F)|lux(F)|E = {}.
(6)If k is a nonzero positive integer, then
k
cord(F) |E * cord(F)j E.
2.5.3 RELECTION FUNCTIONS
Consider a formex E and let there be a condition, denoted by 
P, such that every cantle of E either satisfies or does not 
satisfy P in an unambiguous manner. That is, P with respect 
to a cantle of E is either true or false. Let a formex G be 
obtained from E by examining the cantles of E, proceeding in 
the natural order, and deleting every cantle for which the 
condition P is false.
The rule by which E is transformed into G is symbolized in 
terms of a function. This function is denoted by
rel (P)
and is referred to as a "relection function". The formex G 
is referred to as the relection of E with respect to P and 
the relation between E and G is written as
G = rel(P){E .
Any relection of the empty formex is considered to be the 
empty formex itself.
For example, if *
F = {[3,4? 5,11],[6,3; 5,9],[7,11; 6,12],[8,11; 9,6]}
and P is specified as follows :
P is true provided that the first uniple of every signet 
is greater than 5 and the second uniple of every signet 
is greater than 10,
then the relection of F with respect to P is found to be 
rel(P)|F = [7,11; 6,12].
A condition of the type used in conjunction with relection 
functions is referred to as a "perdicant". In general, a 
perdicant is defined as a Boolean function which has one or 
more formices as arguments. Thus, the canonic variable of a 
relection function is a Boolean entity. Such perdicants may 
be described in a mixture of mathematical formulae and 
statements in a natural language. In some cases, perdicants 
may be written in a very convenient notation as will be 
discussed later.
Relection functions have the following basic properties :
(1)A relection function has no inverse.
(2)If k is a nonzero positive integer, then
k
rel(P) |E = rel(P)[E.
(3)Relection functions are conceptually the most general of 
all interoflection functions. Hence, every one of the 
previously described interoflection functions may be written 
in terms of a relection function. For example, if
G = nex(F)j E
then this may be written as
G = rel(P) |E
where the perdicant P, with respect to a cantle C of E, may 
be defined as follows :
P is true provided that every signet of C is in F.
2.5.4 BREVIC NOTATION
"Brevic" notation is a shorthand notation employed in order 
to simplify writing down certain simple types of commonly 
used perdicants in a convenient way. Namely, those 
perdicants that are experssible in terms of the uniples of a 
single maniple or a pair of maniples.
Let Ma and Mb be two maniples which may or may not be of the 
same plexitude and of the same grade. With reference to 
these maniples, the symbols that constitute the brevic 
notation together with their meaninigs are given in Table 
2.5.1.
The following simplifications are allowed :
(1)If j is an integer variable consisting of a single letter 
or if j is a single digit integer number, then EU(j), EW(j), 
AU(j) and AW(j) may be written as EUj, EWj, AUj and AWj, 
respectively.
(2)If i and j are single letter integer variables or single 
digit integer numbers, then U(i,j) and W(i,j) may be written 
as Uij and Wij, respectively.
(3)When dealing with maniples of the first plexitude, then 
U (1, j) and W( 1, j) may be written as U(j) and W(j), 
respectively. Furthermore, if j is a single letter integer 
variable or a single digit integer number, then U(j) and W(j) 
may be written as Uj and Wj, respectively.
(4)When dealing with maniples of the first grade, then U(i,l) 
and W(i,l) may be written as U(i) and W(i), respectively. 
Furthermore, if i is a single letter integer variable or a 
single digit integer number, then U(i) and W(i) may be 
written as Ui and Wi, respectively.
(5)When dealing with maniples of the first plexitude and 
grade, then U(l,l) and W(l,l) may be written as U and W, 
respectively.
For example, consider the maniple 
B = [5,7,4; 3,2,8; 2,9,4].
The perdicant 
EU2 > 1
is true, since every second uniple of every signet of this 
maniple is greater than 1.
The perdicant
AU < 2
is false, since no uniple of this maniple is less than 2.
As an example of the use of the brevic notation in 
conjunction with the relection function, consider a 
configuration consisting of a number of bar elements arranged 
in the way shown in Fig 2.5.9 and let it be required to write 
a formex formulation for the interconnection pattern of the 
structure in terms of the pronorm shown. A convenient way of 
formulating the pattern is to adopt a superpansive approach 
by writing
K1 = rinid(7,ll,l(l)!{[3,0;4,0],[3,0;3,l]}.
A basipolar N-plot of K1 is shown in Fig 2.5.10 where the 
following basifactors are employed :
bl = 1 unit length.
and
b2 = 18 degrees .
Comparison of Fig 2.5.9 and Fig 2.5.10 shows that the 
interconnection pattern represented by K1 contains some 
superfluous elements in the first direction beyond the normat 
line Ul=9 and in the second direction beyond the normat line 
U2=10. The cantles of K1 representing the superfluous 
elements may be deleted using a relection function. Thus, 
one may write
K2 = rel(EU1<10 and EU2<11)|F2.
A basipolar N-plot of K2 would give rise to a configuration 
identical to the one shown in Fig 2.5.9.
Symbol Meaninig
EU every uniple of Ma
AU any uniple of Ma
EU(j) jth uniple of every signet of Ma
AU(j) jth uniple of any signet of Ma
U(i,j) jth uniple of the ith signet of Ma
EW every uniple of Mb
AS I any uniple of Mb
EW(j) jth uniple of every signet of Mb
AW(j) jth uniple of any signet of Mb
W(i,j) jth uniple of the ith signet of Mb
T&ble 2.5.1
U2 < - - - - -
©
—  ©  
©  ©  ©  ►  I
Pi q 2 • 5»9
©
2.6 NODE NUMBERING
The objective of this Section is to show that a formex 
describing the disposition of the elements, loads or supports 
may be turned into a formex which is relative to an implied 
sequence of node numbers. This eliminates the need for 
explicit node numbering and provides a suitable way of data 
preparation for use in conjunction with existing structural 
analysis programs.
2.6.1 CONCEPT OF A CATENA
Consider a formex E and let T be an ingot of the same grade 
as E. The ingot is said to be a "catena" of E provided that 
for every chosen signet S of E there is at least one signet 
in T that is equal to S.
For example, if
F = {[6,2,9; 3,4,2],[9,1,4; 10,1,5],[10,1,5; 6,2,9]}
T1 = {[3,4,2],[9,1,4],[6,2,9],[10,1,5]}
and
T2 = {[3,4,2],[5,6,2],[6,2,9],[9,1,4],[3,2,1],[10,1,5]}
then both T1 and T2 are catenas of F.
If T is a catena of a formex E then T is said to be an
"exclusive catena" of E provided that T is nonprolate and 
that every signet of T is contained in E. For instance, T1 
in the above example is an exclusive catena of F.
If T is a catena of a formex E and if T does not satisfy the
conditions for being an exclusive catena of E, then T is
referred to as an "inclusive catena" of E. For instance, T2 
in the above example is an inclusive catena of F.
If T is a catena of E then every sequation of T is a catena
of E too. Also, if T is an exclusive catena of E then every 
sequation of T is an exclusive catena of E and if T is an 
inclusive catena of E then every sequation of T is an 
inclusive catena of E too.
Every nonempty ingot is considered to be an inclusive catena 
of the empty formex but the only exclusive catena of the 
empty formex is the empty formex itself.
Every ingot is a catena of itself. More specifically, every 
nonprolate ingot is an exclusive catena of itself and every 
prolate ingot is an inclusive catena of itself. For example, 
if
El = {[2,1],[4,2],[3,2],[5,6],[7,8]}
and
E2 = {[1,2,5],[2,6,8],[3,6,7],[1,2,5]}
then the nonprolate ingot El is an exclusive catena of itself 
and the prolate ingot E2 is an inclusive catena of itself.
2.6.2 DICTUM FUNCTIONS
Consider a formex E and let T be a catena of E. Let a formex 
G be obtained from E by replacing every signet S of E by the 
orderate, with respect to T, of the first occurrence of S in 
T.
The rule by which G is obtained from E is symbolized in terms 
of a function. This function is denoted by
dic(T)
and is referred to as a "dictum function". The formex G is 
referred to as the dictum of E with respect to T and the 
relation between E and G is written as
G = dic(T)|E.
The dictum of the empty formex with respect to any ingot is 
the empty formex itself. That is,for any ingot T
die(T)|{} = {}.
As an example of the use of the dictum function consider the 
flat grid whose plan is shown in Fig 2.6.1, and let a formex 
F representing the interconnection pattern of this grid 
relative to the indicated pronorm be written as
F = rinid(3,6,1,1)][3,0; 4,0] # 
rinid(4,5,1,1) |[3,0; 3,1].
Let an ingot T1 representing the nodal points of the grid be 
obtained as
T1 = lib(i=3,6)jlib(j=0,5)j[i,j].
This ingot is an exclusive catena of F and consists of 24
signets. The orderate of every signet of T1 is written near
the node represented by the signet in Fig 2.6.1.
Now, let the dictum of F with respect to T1 be obtained as 
FI. That is,
FI = dic(Tl)|F.
The formex FI is found to be of the form
{[1; 7],[7; 13],[13; 19],[2; 8],...,[22; 23],[23; 24]}.
This formex gives a complete description of the
interconnection pattern of the grid in terms of the node
numbering scheme of Fig 2.6.1 where each cantle of FI 
represents one of the elements of the grid. The order of
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appearance of the cantles in FI is goverened by the 
disposition of the cantles in F. The numbering scheme, 
however, is quite independent of F and is entirely dictated 
by the disposition of signets in Tl.
In dealing with formex formulations so far, the order of 
appearance of the cantles in a formex has normally been of 
little importance. Thus, if a formex provides a satisfactory 
formulation for a particular problem, then every sequation of 
that formex will serve the purpose equally well. However, 
for any ingot that plays the role of the canonic variable of 
a dictum function, the order of appearance of the signets is 
of importance. Therefore, in formulating such ingots, the 
matter of disposition of signets is to be carefully 
considered.
For example, let an ingot T2 representing the nodal points of 
the grid of Fig 2.6.1 be obtained as
T2 = lib(j=0,5)|lib(i=3,6)|[i,j].
The grid whose interconnection parrern is given by F is shown 
again in Fig 2.6.2, the orderates of the signets of T2 are 
written near the nodal points. In this case, the formex
F2 = die(T2)]F 
is found to be of the form
(Cl; 2],[2; 3],[3; 4],[4; 5],...,[16; 20],[20; 24]}.
The formex F2 gives another complete description of the 
interconnection pattern of the grid under consideration but 
this time the description is in terms of the numbering scheme 
of Fig 2.6.2 dictated by the order of appearance of the 
signets in T2.
Dictum functions have been used so far to describe 
interconnection patterns of structural systems in terms of 
joint numbers. In a similar way, dictum functions may be 
used to express other types of structural data in terms of 
joint numbers.
For example, suppose that one of the loading cases for which 
the grid under consideration is to be analysed consists of 
vertical unit loads applied at the joints indicated by solid
circles in Fig 2.6.3. A formex describing the load
positions, in terms of the pronorm indicated in the Figure, 
may be written as
FL = rinid(2,4,1,1)|[4,1]
where each signet in FL represents a load position. The load 
positions, in terms of the numbering system of Fig 2.6.1 may 
be written as
G = die(Tl)|FL.
In general, a dictum function has an inverse. For instance, 
if E is a formex and T is a catena of E and if
G = die(T)|E
then
E = dic(Tj ,'G.
The inverse of a dictum function is referred to as a
"redictum function". Hence, E is referred to as the redictum 
of G with respect to T, and is written as
E = red(T)(G.
In order to demonstrate one of the applications of redictum
functions consider the grid of Fig 2.6.1 and let a formex H 
represent the interconnection pattern of the grid relative to
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the indicated pronorm and a formex HI represent the 
interconnection pattern of the grid with respect to the ingot
Tl = lib(i=3,6)(lib(j=0,5)[i,j]
that is, with respect to the joint numbering scheme of Fig
2.6.1. In order to use the information about the 
interconnection pattern of the grid, one may consider that in 
writing a computer program it is possible to proceed by 
interpreting the cantles of HI one at a time, as need may 
arise, in terms of the joint numbering system under 
consideration, without actually forming the formex HI. This 
makes it possible to keep H and Tl and generate HI in a 
piecewise fashion, without storing more than one cantle of HI 
at any given time, where if L is a typical cantle of H then 
the corresponding cantle of HI is given by
die(HI)}L .
Alternatively, one may actually generate HI and delete H. 
This approach may be advantageous from the point of view of 
storage economy, since HI is of the first grade and requires 
less storage area than H. Then it may be required to create 
H and a redictum function may be used for the purpose
H = red(Tl)[HI.
Again, it is not necessary that the whole of H needs to be 
recreated and one may proceed to generate parts of H, as need 
may arise, where if L is a typical cantle of HI then the 
corresponding cantle of H is obtained as
red(Tl)|L.
2.6.3 SEVIATION FUNCTION
Let E be a formex of the first grade and let 
[U1,U2, ... ,Urn]
be a typical cantle of E. Let the differences between all 
possible pairs of uniples
U1, U2, .. . ' , Urn
be compared and the greatest of these differences be denoted 
by 6, where if m=l then <5 is considered to be equal to zero. 
Finally, let 6's for all the cantles of E be compared and the 
greatest of these be denoted by A .
The rule through which the integer A for a formex of the 
first grade E is obtained is symbolized in terms of a 
function. This function is denoted by
sev
and referred to as the "seviation function". The integer a 
is referred to as the seviation of E and the relation between 
E and a is written as
A = sev|E.
The seviation function has no inverse.
The seviation of the empty formex is considered to be zero. 
That is,
sev j {} = 0.
For example, if
E = {[10; 14],[15; 26; 39],[19; 45]}
then S's for the first, second and third cantles of E are 4, 
24 and 26, respectively, and
sev|E =26.
As an example of the practical application of the seviation 
function consider again the grid of Fig 2.6.1, and let HI be 
a formex of the first grade representing the interconnection 
pattern of the grid in terms of the indicated joint numbering 
scheme, then one finds that
sev[HI = 6.
This number represents the greatest difference between the 
terminal nodal numbers for an element in the configuration of 
Fig 2.6.1. This number is a measure of the band-width of the 
stiffness matrix of the configuration under consideration. 
Thus, the seviation function can be used to provide 
band-width information in automated structural analysis 
processes.
2.6.4 LATITUDE FUNCTIONS
Let E and T be a formex and an ingot of the same grade, 
respectively, and let
A = sev[dic(T)JE.
The rule through which A is obtained from E and T is 
represented by a function. This function is denoted by
lat(T)
and is referred to as a "latitude function". The integer a 
is referred to as the latitude of E with respect to T and the 
relation between a an^ E is written as
A = lat(T)|E.
A latitude function has no inverse.
The latitude of the empty formex with respect to any ingot is
zero. That is, for any ingot T
lat(T)|{} = 0.
For example, let
E = {[2,3; 5,8; 7,1],[3,1; 4,6; 2,5],[1,7; 8,2]}
and
T = {[5,8],[1,7],[1,1],[3,1],[2,5],[8,2]
[7,1],[2,3],[4,6],[5,5],[9,4]}.
The dictum of E with respect to T is given by
die(T)|E = {[8; 1; 7],[4; 9; 5],[2; 6]}
and the latitude of E with respect to T is found to be
lat(T)[E = 7.
2.6.5 NOVATION FUNCTIONS
Consider a formex E and let F be a 2-plex formex of the same 
grade as E. Let the first cantle of F be represented by
[SI; S2]
where SI and S2 are the first and the second signets of the 
cantle, respectively. Let E be modified by replacing every 
signet of it which is equal to SI by S2 and let this process 
be repeated for all the cantles of F proceeding in the 
natural order. Let the resulting formex be denoted by G.
The rule through which G is obtained from E is represented by 
a function. This function is denoted by
nov(F)
and is referred to as a "novation function". The formex G is 
referred to as the novation of E with respect to F and the 
relation between E and G is written as
G = nov(F)[E .
In general, a novation function has no inverse.
The novation of the empty formex with respect to any 2-plex 
formex is considered to be the empty formex itself. Also, 
the novation of any formex E with respect to the. empty formex 
is considered to be the formex E itself.
For example, if
E ={[3,4; 7,2],[2,6; 1,5; 6,6],[1,1]}
and
F =  {[1,1; 0,0],[6,6; 2,1],[2,6; 3,2],[1,5; 4,2]}
then modification of E with respect to the first cantle of F 
will give rise to
El = {[3,4; 7,2],[2,6; 1,5; 6,6],[0,0]}.
Modification of El with respect to the second cantle of F 
will give rise to
E2 = {[3,4; 7,2],[2,6; 1,5; 2,1],[0,0]}.
Modification of E2 with respect to the third cantle of F will 
give rise to
E3 = {[3,4; 7,2],[3,2; 1,5; 2,1],[0,0]}
and the modification of E3 with respect to the fourth cantle 
of F will give rise to
E4 = {[3,4; 7,2],[3,2; 4,2; 2,1],[0,0]).
Thus, the novation of E with respect to F may be written as
nov(F)|E = {[3,4; 7,2],[3,2; 4,2; 2,1],[0,0]}.
As an example of the application of novation functions, 
consider the braced dome of Fig 2.6.4. In describing the 
interconnection pattern of the dome, one may adopt a 
superpansive approach and start the formulation by writing
rin(3,4,2)|rin(2,20,2)(lam(3,2)|E2
{[7,0,1; 7,2,1],[7,2,1; 7,1,2],[7,1,2; 7,0,1]).
Let it be required to use a dictum function and transform El 
into a formex that describes the interconnection pattern of 
the dome in terms of a node numbering system. In attempting 
to achieve that, one would face a problem. Namely, one finds 
that both
[7,0,9]
and
[7,40,9]
in El represent the nodal point which is shown encircled in 
Fig 2.6.4. As a result, one would not be able to associate a 
unique number with this node through a dictum function. 
Examination of formex El reveals that in the cantles relating 
to the members indicated by A's in Fig 2.6.4, the encircled 
node is represented by the signet
El = 
where
E2 =
<JO
[7,0,9]
and in the cantles relating to the members indicated by B's 
in Fig 2.6.4, the encircled node is represented by the signet
[7,40,9].
A similar problem arises in relation to the other four nodes 
that are situated on the normat line for
U2 = 0 and U2 = 40 .,
as specified in Fig 2.6.4. This implies that as far as the 
above formex El is concerned, there are no connections 
between the members on the right and the members on the left 
of the nodal points under consideration. To signify this 
fact, these nodal points are shown with gaps in Fig 2.6.5.
A novation function may be used in order to replace signets 
such as
[7,40,8] and [7,40,9]
by
[7,0,8] and [7,0,9].
Thus, one may write
E3 = nov(F)|E1 
where
F ,= rin(3,5,2)|[7,40,1; 7,0,1].
The formex E3 provides a description for the interconnection 
pattern of the dome of Fig 2.6.4 free of any discontinuities 
at the nodes.
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2.7 FORMEX COLLATION
The objective of this Section is to show how one can
rearrange the order of appearance of a sequence of formices
in a manner that satisfies a given set of conditions.
2.7.1 CONCEPT OF RAPPORTANCE
Let E and F be two formices and let P be a perdicant that may 
be evaluated with respect to E and F. Let the perdicant P be 
evaluated twice with respect to E and F, where E and F are
taken once in the order E,F and then in the order F#E. Four
possibilities arise and these are shown in Table 2.7.1.
In the first case
E is said to be of a "higher rapportance" than F with
respect to P,
or E is said to be "more rapportant" than F with respect
to P.
In the second case
E is said to be of a "lower rapportance" than F with
respect to P,
or E is said to be "less rapportant" than F with respect
to P.
In the third or fourth case
E and F are said to be of the "same rapportance" with 
respect to P,
or E and F are said to be "equally rapportant" with 
respect to P.
Various relationships between E and F may be symbolically 
represented as shown in Table 2.7.2.
For example, consider the following formices
Case
Value of P with respect to E and F
in the order E,F in the order F,E
1 true false
2 false true
3 true true
4 false false
Table 2.7.1
Symbolic
representation
Metining
E[>P]F E is more rapporant than F with respect to P.
E[<P]F E is less rapportant than F with respect to P. ;
E[=P]F E and F are of the same rapportace with respect to P.
E[>P]F E is of a rapportance higher than or equal to F with 
respect to P.
E[«P]F E is of a rapportance lower than or equal to F .with 
respect to P.
E[*P]F E is not more -rapportant than F with respect to P.
E[*P]F E is not less rapportant than F with respect to P.
E[>P]F E and F are not of the same rapportance with respect 
to P.
E[£P]F E is not of a rapportance higher than or equal to P.
E(\JfP]F E is not of a rapportance lower than or equal to F 
with respect to P.
Table 2.7.2
El = {[2,4? 5,8; 6,1],[3,9; 1,2]}
E2 = {[3,1; 1,6; 7,8],[3,4; 5,3]}
and
E3 = {[2,6; 2,4],[4,5; 2,7]}
and let a perdicant P be specified in terms of a typical pair 
of these formices as follows :
P is true provided that the second uniple of the first 
signet of every cantle of the left element of the pair 
is greater than that of the corresponding uniple of 
the right element of the pair.
Examining the relative rapportance of El and E2 with respect 
to P, one finds that
the second uniple of the first signet of every cantle of 
El is greater than the second uniple of the first signet
of every corresponding cantle of E2.
Thus, P is true in the order El, E2 and is false in the order 
E2, El. Therefore, El is more rapportant than E2 with 
respect to P. That is,
E1[>P]E2
or stating it in a different way, E2 is less rapportant than
El with respect to P. That is,
E2[<P]E1.
In the same way, it can be found that
E1[<P]E3,
E3[<P]E1,
E2[<P]E3
and
E3t>P]E2.
It should be noticed that two formices whose relative 
rapportance is examined may be of different order, plexitude 
and grade.
2.7.2 PROCESS OF RAPPORTATION
Consider a sequence S of n formices where n>l and let there 
be a perdicant P which may be evaluated with respect to any 
two elements of the sequence.
/
Let the phrase "(i,j) forward seriation" be used to refer to 
the following procedure :
For k=i,i+l,i+2, ... ,j-l
the kth and (k+l)th elements of S are compared and if 
the latter is more rapportant than the former with
respect to P then these elements are interchanged.
Also, let the phrase "(j/i) backward seriation" be used to 
refer to the following procedure :
For k=j,j-1,j-2, ... ,i+l
the kth and (k-l)th elements of S are compared and if 
the latter is less rapportant than the former with
respect to P then these elements are interchanged.
In relation to both forward and backward seriations, it is 
understood that when reference is made to an element of S,
say the kth element, then it is meant the element which is in
the kth position of the sequence at the time of the reference 
rather than the element which was in the kth position of the 
sequence initially.
The term "seriation" may be used to refer to either a forward 
seriation or a backward seriation.
Let the sequence S be subjected to the following process
For k= 1, 2, ...
a (k,n-k+l) forward seriation is carried out and this is 
followed by an (n-k,k) backward seriation. The process 
is brought to an end either when the total number of 
completed seriations is equal to n-1 or when a
seriation does not involve any interchange of elements.
The above process is referred to as the process of
"rapportation". The sequence S may be said to have been 
subjected to the process of rapportation with respect to P or 
the sequence may be said to have been rapported with respect 
to P.
With respect to a sequence of formices S, a perdicant P is 
said to be "transitive" provided that if S is transformed 
into a sequence R by the process of rapportation with respect 
to P and if Ri is the ith element of R and Rj is the jth
element of R, with i being less than j, then for all i's and
j's
Ri [ > P ] R j •
If the above condition is not satisfied then the perdicant P 
is said to be "nontransitive" with respect to S.
For example, consider the sequence of maniples
El = [2,6,1; 7,2,3],
E2 = [4,2,9; 5,4,1]
and
E3 = [7,8; 6,2; 5,3]
and let a perdicant Q with respect to two typical elements Ma 
and Mb be stated as foloows :
Q is true provided that the first uniple of the second 
signet of Ma is smaller than that of Mb and Q is 
false otherwise.
This perdicant may be written in brevic notation as
U2KW21.
It will be found that
E1[<Q]E2,
E1[<Q]E3
and
E2[>Q]E3.
In rapporting the sequence 
E1,E2,E3
with respect to Q, one begins by applying a (1,3) forward 
seriation and this will turn the sequence into
E2,E3,E1.
A (2,1) backward seriation is applied next and this will 
leave the sequence unaltered.
2.7.3 RAPPORTED SEQUATION FUNCTIONS
Consider a formex E and let there be a perdicant P which may 
be evaluated with respect to every pair of the cantles of E. 
Let E be modified by subjecting its cantles to the process of 
rapportation with respect to P and let the resulting formex 
be denoted by G. The rule through which E is transformed 
into G is represented by a function. This function is 
denoted by
I CIO
ras(P)
and is referred to as a "rapported sequation function". The 
formex G is referred to as the rapported sequation of E with 
respect to P and the relation between E and G is written as
G = ras(P)JE.
Any rapported sequation of the empty formex is the empty 
formex itself. Also, if E is a formex of the first order,- 
that is, if E is a maniple, then any rapported sequation of E 
is E itself. A rapported sequation function has no inverse.
For example, let
H ={[.5,4,1], [6, 3,1], [7, 3, 2], [3,4,53).
and let a perdicant Q, in brevic notation, be given by
(U2>W2) OR (U2=W2 AND U1>W1).
The rapported sequation of H with respect to Q is found to be
ras(Q)jH = {[5,4,1],[3,4,5],[7,3,2],[6,3,1] } .
As another example, consider the flat grid whose plan view is 
shown in Fig 2.7.1. The interconnection pattern of the grid 
relative to the indicated pronorm may be written as
El = pexjrinid(3,4,1,1)|E, 
where
E = {[2,0; 3,0],[3,0; 3,1],[3,1; 2,1],[2,1; 2,0]}.
The formex El consists of 31 cantles each of which represents 
one of the elements of the grid. The orderate of each of 
these cantles is written near its corresponding element in 
Fig 2.7.1. The order of appearance of the cantles of E may
be altered using a rapported sequation function. For 
example, let it be required to rearrange the positions of the 
cantles of E in accordance with the pattern shown in Fig
2.7.2, then one may write
E2 = ras(Q)|E
where the perdicant Q, in brevic notation, is given by
(U12=W22 AND U11+U21<W11+W21) OR 
(U11=W11 AND U12+U22<W12+W22).
2.7.4 RAPPORTED VARIANT FUNCTIONS
Consider a formex E and let there be a perdicant P which may 
be evaluated with respect to every pair of signets that are 
contained in a cantle of E. Let a formex G be obtained by 
replacing every cantle C of E by a maniple which is obtained 
by rapporting the signets of C with respect to P. The rule 
through which E is transformed into G is represented by a 
function. This function is denoted by
rav(P)
and is referred to as "rapported variant function". The 
formex G is referred to as the rapported variant of E with 
respect to P and the relation between E and G is written as
G = rav (P) J E .
Any rapported variant of the empty formex is the empty formex 
itself. Also, if E is a 1-plex formex then any rapported 
variant of E is E itself. A rapported variant function has 
no inverse.
For example, let
©  ©  - - - - — > U 1
Fig 2.7.1
©
U2
1G
15
30 2 329 131
© © ■>ui
Fig 2.7.2
H = {[3,2; 4,3],[2,2],[7,5; 5,6],[4,2; 8,1; 9,2]}
and let Q in brevic notation be given by 
(U1>W1).
The rapported variant of H with respect to Q is found to be
rav(Q)[H = {[4,3; 3,2] , [2,2],[7,5; 5,6],[9,2; 8,1; 4,2]}.
As another example, consider a formex E an R-plot of which is 
shown in Fig 2.7.3. It is clear that the senses of the 
fronds do not follow a regular pattern. It may be required 
to rearrange the signets of the cantles of E such that the 
senses of the fronds comply with a particular regular 
pattern, say, the pattern shown in Fig 2.7.4. This may be 
achieved by writting
El,= rav(P)|E
where P, in brevic notation, may be written as
(U1«W1 and U2«W2).
2.8 FURTHER FORMEX FUNCTIONS
In the preceeding Sections the fundamentals of formex algebra 
are introduced together with a number of formex functions. 
These functions provide a wealth of conceptual aids for 
configuration processing. In this Section further formex 
functions that can, at times, enhance the capabilities in 
dealing with formex formulations are introduced.
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2.8.1 TECTRIX FUNCTIONS
Let E be a formex and suppose that a sequence S of reglets 
Rl,R2, ... ,Rt
is constructed from all the signets of El where the order of 
appearance of the reglets in S is exactly the same as in E. 
Thus, if
E = {[5,8; 6,7],[3,4; 9,5? 2,7],[3,4]} 
then the sequence S will be
Consider an rn-plex formex F a typical cantle of which 
consists of the m-tuple of reglets
Ri , Rj , Rk, . . . , Rp, Rq
[5,8],[6,7],[3,4],[9,5],[2,7],[3,4]
where Ri,Rj,Rk, Rp and Rq are reglets from S with
subscripts indicating serial position number and with
i< j<k< ... <p<q 
and where
and for every value of i 
and for every value of j
i varies from 1 to t-m+1
j varies from i+1 to t-m+2
k varies from j+1 to t-m+3
and for every value of p : q varies from p+1 to t
and where the order of appearance of the cantles in F is 
governed by the rule that for every two adjacent subscripts, 
say j and k, all the integers in the range of k are employed
in the natural ascending order, before j is incremented by 
unity. Thus, if S is given by
[3, 4],[2,6],[9,5],[5,4],[7,8]
and if m=3 then F is given by
{[3,4; 2,6; 9,5],[3,4; 2,6; 5,4],[3,4; 2,6; 7,8],
[3,4; 9,5; 5,4],[3,4; 9,5; 7,8],[3,4; 5,4; 7,8],
[2,6; 9,5; 5,4],[2,6; 9,5; 7,8], 
[2,6; 5,4; 7,8],[9,5; 5,4; 7,8]}.
Also, with the above sequence S, if m=2 then F is given by
{[3,4; 2,6],[3,4; 9,5],[3,4; 5,4],[3,4; 7,8],[2,6; 9,5], 
[2,6; 5,4],[2,6; 7,8],[9,5; 5,4],[9,5; 7,8],[5,4; 7,8]}.
and if m=l then F is given by
{[3,4],[2,6],[9,5],[5,4],[7,8]}.
Now, consider a perdicant P which may be evaluated for every 
cantle of F and obtain a formex G as
G = rel(P)J F .
The rule by which E is transformed into G is symbolized in 
terms of a function. This function is denoted by
tec (m, P)
and is referred to as a "tectrix function". The formex G is 
referred to as the tectrix of E with respect to m and P and 
the relation between E and G is written as
G = tec(m,P)|E.
Any tectrix of the empty formex is considered to be the empty 
formex itself. Also, if the total number of signets in a 
formex E is less than m, then
tec(m,P)JE
is considered to be the empty formex. A tectrix function has 
no inverse.
For example, consider the ingot
H = H1#H2 
where
HI = lib( j=0,6) j lib(i=j,ll-j) jtranid(i, j) j [1,1],
and
H2 = lam(l, 13/2) | lib(i=0,4) [ tranid(i,i) j [1, 2] .
A paribifect R-plot of H is shown in Fig 2.8.1.
Now, let
E = tec(2,P)|H 
where P, in brevic notation, is given by
(U11=U21 AND U22-U12=l) OR (U21-U11=1 AND U12=U22). 
Paribifect R-plot of E is shown in Fig 2.8.2.
2.8.2 VINCULUM FUNCTIONS
Let E be a formex of the nth grade and let a formex G be 
obtained as
G = tec(2,P)[E
where P is given by
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and where B1 and B2 are real numbers and are referred to as
"lower bound" and "upper bound", respectively, and M in
brevic notation is given by
M = |(X!(U2i - Uli)2 r2| .
The uniples in the above relation belong to a typical cantle 
C of E and M is referred to as the "metrum" of C.
The rule by which E is transformed into G is symbolized in 
terms of a function. This function is denoted by
vin(rl,r2)
and is referred to as a "viculum function", where rl and r2 
are real numbers and if rl^r2 then rl and r2 are interpreted 
as being the lower and upper bounds B1 and B2, respectively, 
and if rl>r2 then rl is interpreted as being the upper bound 
B2 and r2 is interpreted as being the lower bound B1. The 
formex G is referred to as the vinculum of E with respect to 
rl and r2 and the relation between E and G is written as
G = vin(rl,r2)[E.
Any vinculum of the empty formex is considered to be the 
empty formex itself. Also, if E is a reglet, then
vin(rl,r2)]E
is considered to be the empty formex. A vinculum function 
has no inverse.
For example, consider the ingot
T = rinid(5,3,2,2)[[1,2] # rinid(4,4,2,2)|[2,1].
A paribifect R-plot of T is shown in Fig 2.8.3.
The formex
F = vin( '^ 2, J2) | T
is a 2-plex formex a paribifect R-plot of which is shown in 
Fig 2.8.4.
2.8.3 PANSION FUNCTIONS
Let E be a formex of the nth grade and let q be any integer. 
Also, let h be an integer such that
l^h<n+l.
Let a formex G be obtained from E by replacing every signet
[U1,U2, ... ,Un]
of E by a reglet of the (n+l)th grade, where
if h=l then R=[q,Ul,U2,--- , Un]
and if h=2 then R=[Ul,q,U2, ... , Un]
and if h=3 then R=[Ul,U2,q, ... , Un]
and if h=n then R=[U1,U2, ... , q,Un]
and if h=n+l then R=[U1,U2, ... ,Un,q].
The rule through which G is obtained from E is represented by 
a function. This function is denoted by
pan(h,q)
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and is referred to as a "pansion function". The formex G is 
referred to as a pansion of E and the relation between E and 
G is written as
G = pan(h,q)|E.
Any pansion of the empty formex is the empty formex itself. 
For example, if
E = {[3,2],[6,5? 7,5; 2,1],[9,3? 4,7]}
then
pan(1,9)|E =
{[9.3,2],[9,6,5; 9,7,5; 9,2,1],[9,9,3; 9,4,7]}, 
pan(2,3)]E =
{[3,3,2],[6,3,5; 7,3,5; 2,3,1],[9,3,3; 4,3,7]}
and
pan ( 3, 0) | E =
{[3,2,0],[6,5,0; 7,5,0; 2,1,0],[9,3,0; 4,7,0]}.
As an example of the applications of pansion functions, 
consider the formices
FI = lamid(8,8)jrinid(3,4,1,1)({[5,4; 6,4],[6,4; 6,5],
[6,5; 5,5],[5,5; 5,4],[5,5; 6,4]}
and
F2 = pan(1,10)jFI.
A paribifect N-plot of FI is shown in Fig 2.8.5 and- a 
paricylindrical N-plot of F2 is shown in Fig 2.8.6.
Every pansion function has an inverse, where if
G = pan(h, q) [E
then
E = panChjqT^G.
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2.8.4 DEPANSION FUNCTIONS
Let E be a formex of the nth grade and let h be an integer 
such that
l^h^n.
Let a formex G be obtained from E by removing the hth uniple 
of every signet of E. The rule through which G is obtained 
from E is represented by a function. This function, is 
denoted by
dep(h)
and is referred to as a "depansion function". The formex G 
is referred to as a depansion of E and the relation between E 
and G is written as
G = dep(h)[E .
t
Any depansion of the empty formex is the empty formex itself. 
Also, if F is a formex of the first grade, then
dep(1)|F
is considered to be the empty formex.
For example, if
E =  {[7,6,; 4,8],[1,3; 2,3; 4,5],[9,2]}
then
dep(1)]E = {[6; 8],[3; 3; 5],[2]}, 
dep(2)|E = {[7; 4],[1? 2? 4],[9]}
and
dep(1)[dep(2)[E = {} .
A depansion function has no inverse. However, the concept of 
depansion functions is the converse of that of pansion 
functions and
pan(h,q) 1|E = dep(h)[E.
2.8.5 MEDULLA FUNCTION
Consider a formex E and let an ingot T be constructed from 
all the signets of E, with the signets appearing in exactly
the same order as in E. Thus if E is
{[6,3; 9,4; 5,2],[7,3; 8,4],[1,6]} 
then T will be
{[6,3],[9,4],[5,2],[7,3],[8,4],[1,6]}.
Let an ingot G be obtained as
G = pex | T.
The rule through which G is obtained from E is represented by 
a function. This function is denoted by
med
and is referred to as the "medulla function". The ingot G is
referred to as the medulla of E and the relation between E
and G is written as
G = med[E.
The medulla of the empty formex is considered to be the empty 
formex itself. The medulla function has no inverse.
For example, if
H = {[3,2; 2,4; 6,5],[7,1; 2,4; 3,4],[3,4; 3,2]}
then
medjH = {[3,2],[2,4],[6,5],[7,1],[3,4]}.
For any formex F 
med | F
is an exclusive catena of F.
2.8.6 RAPPORTED MEDULLA FUNCTIONS
Let E be a formex and let an ingot G be obtained as
G = ras(P)[med(E.
The rule through which E is transformed into G is symbolized 
in terms of a function. This function is denoted by
ram(P)
and is referred to as a "rapported medulla function" . The 
ingot G is referred to as the rapported medulla of E with 
respect to P and the relation between E and G is written as
G = ram(P)|E.
Any rapported medulla of the empty formex is.considered to be 
the empty formex itself. A rapported medulla function has no 
inverse.
For example, if
F = {[4,2; 6,3],[5,7; 4,2],[3,4; 5,7]}
and if P, in brevic notation, is given by
U1>W1
then
med ( F = {[4, 2] , [6, 3], [5, 7] , [3,4]}
and
ram(P)|F = {[6,3],[5,7],[4,2],[3,4]}.
As an example of the practical applications of rapported 
medulla functions, consider the single layer grid a plan view 
of which is shown in Fig 2.8.7. A formex representing the 
interconnection pattern of the grid relative to the indicated 
pronorm may be written as
E = rinid(4,5,1,1)[rosid(l/2,l/2)[[0,0;i,0].
The interconnection pattern of the grid may also be expressed 
in terms of the indicated joint numbering system by the 
formex
El = die(T)[E 
where
T = ram(P)|E
and
P, in brevic notation, is given by 
(U2<W2) OR (U2=W2 AND U1=W1).
For any formex F
ram(P)|F
is an exclusive catena of F.
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INTRODUCTION TO FOR/1 I  AN
3.1 INTRODUCTION
This Chapter is divided into two Sections, the first gives a 
brief overview of an interactive programming language which 
is developed at The Space Structures Research Centre of The 
University of Surrey. This language acts as a vehicle to 
implement the concepts of formex algebra, and is referred to 
as the "Formian language". The second Section introduces a 
number of basic concepts of a three dimensional graphics 
system through which images of formex plots can be created on 
the output medium of a peripheral grapliic device. This 
graphics system is referred to as the "Formian graphics" and 
can be used through a number of Formian statements.
3.2 FORMIAN LANGUAGE
Formian language is designed to provide a structured approach
to the problems of data generation, in particular to the
\
generation of data related to structural configurations. 
Being modelled on formex algebra, the language allows 
powerful statements to be written in a concise and yet 
readily understood manner. A simple to use three dimensional 
graphics system in addition to an editor built in the 
language enable problems of data generation to be 
accomplished in one programming environment.
An introduction to Formian was presented by P. Disney and 0. 
El-labbar as a paper at the Third International Conference on 
Space Structures which was held at The University of Surrey
in September 1984. The paper (22) gives a brief informal 
introduction to the language, leaving further details to a 
publication which will be published in due course. This
tion of the language
t
publication will include the formal defin 
and details of the language statements.
3.2.1 INTEGER AND FLOATAL CONSTANTS
A sequence of one or more digits is referred to as an 
"integer constant". An integer constant may optionally be 
preceded by a plus or a minus symbol. For example,
7,
-91
and
33785
are integer constants.
The value of an integer constant is the numerical value that 
results from the interpretation of the constant as a decimal 
integer number.
Non-integer numbers are referred to as "floatal constants". 
For example,
113.8
-22.4
and
0.007
are floatal constants.
The value of a floatal constant is the numerical value that 
results from the interpretation of the constant as a decimal 
real number.
3.2.2 INTEGER AND FLOATAL VARIABLES
A sequence of a letter which may be followed by a sequence of 
one or more alphnumeric characters, up to a total of five 
characters is referred to as a "variable". A variable may be 
referred to as an "integer variable" or a "floatal variable" 
depending on its value. A variable whose value can be 
interpreted as an integer .number is considered to be an 
"integer variable", and a variable whose value can be 
interpreted as a real number is considered to be a "floatal 
variable".
For example, if the numerical value of 
A2
is equal to 
15
then A2 is said to be an integer variable, and if the 
numerical value of
A2
is equal to
81.6
then A2 is said to be a floatal variable.
3.2.3 OPERATIONS
Formian provides six basic operations. They consist of 
addition, subtraction, multiplication, division,
exponentation and formex composition. The first five relate 
to operations on scalar quantities, ie, operations between 
integer and/or floatal entities. Each of these five 
operations is referred to as an arithmatic operation. The 
sixth operation is an operation on formices. The operations 
in Formian are represented by the following symbols
operation symbol
Addition +
Subtraction -
Multiplication *
Division /
Exponentiation **
Formex composition #
3.2.4 EXPRESSIONS
An "expression" is defined as a sequence of constants, 
variables, formices or functions combined with operators and 
optionally parentheses which forms a meaningful mathematical 
expression. The variables, constants, formices or functions 
used in an expression are referred to as "operands".
For example, the construct
(T1+TT2-D15)*8 
is an expression,where
Tl, TT2 and D15 are operands.
Expressions are divided into two types :
(a) Arithmatic expressions
and
(b) Formex expressions.
3.2.5 ARITHMATIC EXPRESSIONS
The term "arithmatic expression" is a generic term which 
covers any expression that has scalar quantities as operands.
An arithmatic expression which consists of one or more 
integer entities, linked by operators, and yields an integer 
value is referred to as an "integer expression".
Furthermore, an arithmatic expression which contains one or 
more real entities, linked by operators, and yields a real 
value is referred to as a "floatal expression".
For example,
83 + 116 - 73
is an integer expression, and
115.4 - 32'+ 77.6
is a floatal expression.
In evaluating arithmatic expressions the following rules 
apply :
(1) Arthmatic operations have the following precedence
operator precedence
* * (exponentiation)
+ - (unary, ie, sign)
/ *
+ - (dyadic, ie, operator)
Highest (evaluated first) 
lowest (evaluated last)
(2) Left to right evaluation for operators of equal 
precedence.
(3) Parenthesis may be used freely to alter the order of 
operator precedence, in which case expressions enclosed in 
parenthesis are evaluated independently of any preceding or 
succeeding operators.
3.2.6 FORMEX EXPRESSIONS
An expression which consists of a sequence of one or more 
formices, and/or one or more formex functions, linked by a 
formex composition operator is referred to as a "formex 
expression".
I OKI
For example, the expression 
BS # TS # W12
is a formex expression, where BS, TS and W12 are formices of 
the same grade.
3.2.7 THE ASSIGNMENT STATEMENTS 
A construct such as 
XX5 = 9
is referred to as an assignment statement, where the symbol
is called the "assignment symbol",
XX 5
is referred to as an identifier, and 
9
may be regarded as an integer expression or as a formex 
expression depending on the context.
The entity which appears to the right of the above assignment 
statement may be regarded as a simple form of a formex and 
such an entity is referred to as a "formex construct".* A 
variable which is associated with a formex construct is 
referred to as a "formex variable".
For example, the constructs
TP4 = 348,
I o  I
ZT3 = [5,1; 3,4]
and
BOL = {[1,1? 2,2],[3,1; 4,2],[5,6; 3,4]}
are examples of an assignment statement whose variable is a 
formex variable.
The effect of the assignment statement is that the entity to 
the right of the assignment symbol is associated with the 
name to the left, thus creating an integer, a floatal 
variable or a formex variable. The value of the variable is 
that of the entity on the right of the assignment symbol.
An indentifier takes the form of a sequence of a letter which 
may be followed by a sequence of one or more alphanumeric 
characters, up to a total of five. For example, K2, T0M3 and 
YZTOP are valid identifiers Howerver, 3MZ, 27 and 6 are 
invalid identifiers. One can normally choose an identifier 
to suit the particular variable to be created.
3.2.8 FORMEX FORMATIONS
A construct such as
{[I,J? 10,17],[53,26? 1+1,J-3]}
is referred to as a "formex formation". A formex formation 
may be defined as a formex in which one or more uniples are 
given as integer expressions which are not single integer 
constants.
For example, one may write
ESF = {[J+4,1-3? 4,2],[J+5,1+1? 4,4]} 
where if 
1 =  2
and
J = 5
the assignment statement will be equivalent to 
ESF = {[9,-1; 4,2],[10,3; 4,4]}.
3.2.9 LIBRA COMPOSITION
In Formian, the construct used for libra composition differs 
in appearance to the notation used in formex algebra. In
formex algebra, the general form of a libra operator is
written as
n
i-m
whereas in Formian this construct has the appearance 
LIB(i=m,n),
where the identifier i is referred to as a "libra variable" 
and m and n are integer expressions. This construct is
similar to the construct adopted in the present work.
For example, the construct
A = LIB(i=l,5)|LIB(j=i,i+3)][i,j; i+l,j+l]
is equivalent to the construct
A =
3.2.10 FORMEX FUNCTIONS
Most of the formex functions mentioned in Chapter 2 are
implemented in Formian. The appearance and the use of formex 
functions in Formian are in accordance with the definition of
i=l
i+3
[i,j; i+l,j+l]
these functions in formex algebra.
For example, the construct
E = rinid(3,3,2,2)|rosid(2,2)][1,1?3,1]
has the same appearance in both formex algebra and Formian. 
Here, E is a formex variable.
In Formian, the evaluation of a sequence of nested functions 
proceeds from right to left. That is, in the above example 
the rosid function will be executed before the rinid 
function.
Formex functions can be combined with libra compositions in a 
single statement. For example, in formex algebra one may 
write
EY =
3
tran(1,i)\[3,3? 4,3]
i=l
and in Formian this may have the appearance 
EY = LIB(i=l,3)|tran(l,i)|[3,3; 4,3].
3.2.11 INFORMATION TRANSFER STATEMENTS
Information transfer statements are used to transfer 
information between the Formian interpreter and the 
peripherals of the host computer. For example, one may store 
information on a disk unit or retrieve such information 
throught information transfer statements.
An information transfer statement takes the form of a keyword 
which represents the action to be performed, generally 
followed by one or more identifiers, separated by commas.
Information transfer statements are
KEEP, TAKE, PRINT, ERASE, USE, DRAW and CLEAR 
statements.
(a) KEEP Statements
A "KEEP statement" is a construct of the form
KEEP FI,F2, ... ,Fn
where
KEEP is a keyword
and items
F1,F2, ... ,Fn are variables.
The effect of the KEEP statement is to store separately the
value of each of these variables on an area of permenant 
storage which is referred to as the "repository". This 
usually takes the form of a segment of disk space allocated 
to the user. The entities stored in the repository are
referred to as "covariables" and'are stored under the name of 
their related variables.
For example, the effect of the KEEP statement
KEEP X10, FG2, KK7, ST9, BRN 
where
X10, FG2, KK7, ST9 and BRN are formex variables,
would be to store each of the above formex variables as
covariables in the repository.
(b) TAKE Statements
A "TAKE statement" is a construct of the form
TAKE F1,F2, ... ,Fn.
The effect of the statement is to take each identifier in 
turn and search the repository to see if a covariable exists 
with the same name, if this is true then the covariable is 
retrieved and a variable is created with the same name.
(c) PRINT Statements
A "PRINT statement" is a construct of the form
PRINT F1,F2, ... ,Fn
where
PRINT is a keyword
and
F1,F2, ... ,Fn are variables.
The effect of the statement is to print the value of these 
variables on the computer terminal.
(d) ERASE Statements
An "ERASE statement" is a construct of the form
ERASE Cl,C2, ... ,Cn
where
ERASE is a keyword
and
C1/C2, ... ,Cn are covariables.
The effect of the ERASE statement is to erase each of the 
covariables C1,C2, ... ,Cn together with their values from
the repository.
(e) USE Statements
The standard retronorms of formex algebra are implemented in 
Formian, and one can select any of them to be current through 
a USE statement.
For example, the construct
USE BT(3,5,2) 
is a USE statement where
USE is a keyword
and
BT(3,5,2) is referred to as a USE-item.
The effect of the above statement is to select a basitrifect
retronorm and makes the basifactors bl, b2 and b3 equal to 3,
5 and 2, respectively.
An option selected by a USE statement remains current until a 
new option is selected by a USE statement.
Selecting a retronorm is an example of the USE-items 
implemented in Formian, and other USE-items will be described 
in the sequel.
(f) DRAW Statements
A "Draw statement" is a construct of the form
DRAW E 
where
DRAW is a keyword
and
E is a formex variable.
The effect of the statement is to serve the dual purpose of 
transforming a formex using a selected retronorm and also 
producing an image of the resulting plot on a selected 
graphic device.
(g) CLEAR Statement
The "CLEAR statement" is a construct of the form 
CLEAR.
The effect of the statement is to remove any images which 
might be on the screen of the selected graphic VDU.
3.2.12 THE FORMIAN INTERPRETER
The program that processes Formian statements is referred to 
as the "Formian Interpreter". In order to explain how the 
Formian interpreter works let it be assumed that a user is 
sitting at a computer terminal and has requested to use the 
Formian interpreter. The interpreter indicates that it is 
ready to be used by printing at the terminal
FORMIAN MK2 
*
where
FORMIAN MK2 is the name of the current version 
of Formian
and
* is a symbol which is referred to as
the "prompt".
The prompt appears at the start of a Formian session and 
subsequently each time the interpreter has completed a task 
and is ready to recieve information from the user.
For example, let it be required to generate the formices
W1 = rinid(10,10,1,1)|rosid(0.5,0.5)|[0,0; 1,0]
W2 = rinid(10,10,l,l)j{[0,0; 1,1],[1,0; 0,1]}
and
W3 = W1 # W2.
In such a case one may respond to the prompt by entering
W1 = RINID(10,10,1,1)[ROSID(0.5,0.5)|[0,0; 1,0];
W2 = RINID(10,10,1,1) j {[0,0; 1,1],[1,0; 0,1]);
W3 = W1 # W2 @  
where
Wl, W2and W3 are variables,
the symbol
; is referred to as the
"statement separator"
and the symbol
@  is referred to as the
"accept directive".
The statement separator separtes the statements from each
other and the accept directive terminates the text. The 
accept directive is usually the escape character.
Statements may be entered singly or as in the above example 
in groups and until the interpreter recieves an accept 
directive its sole task is to store the text as it is entered 
by the user. The interpreter at such a stage is said to be 
in "input mode". On reciept of an accept directive the 
interpreter proceeds to process all the text entered since 
the appearance of the last prompt, the interpreter is then 
said to be in "execution mode".
The Formian interpreter can diagnose an error out of a list
of errors. For example, in the above example, if all the 
statements have been properly constructed and entered then on 
the reciept of the accept directive the interpreter creates 
the formex variables Wl, W2 and W3. It then returns to input 
mode issuing a prompt to invite further information from the 
user. If, howerver, the interpreter detects an error in any 
of the statements, an error message will be output to the
user indicating an error number and the statement at which it 
accurs and then returns to input mode. In such a case the 
user may consult a chart of error messages, correct the 
faulty statements, reenter the corrected statements, and 
proceed with the Formian session.
3.2.13 STRING CONSTANTS AND THE ASSIGNMENT STRING STATEMENT
A "string constant" is simply a sequence of characters. For 
example,
DEFGH,
AB = [1,1? 2,1; 3,3; 2,3]
and
Kl=5 ; USE BC(1,18,3) ? DRAW K1? 
are three string constants.
It should be noticed that a string may represent one or more 
Formian statements. The assignment of a string constant is 
unlike the previous forms of assignment statements. To 
elaborate, consider the construct
Z1
is a string constant, 
is the string assignment symbol
is an identifier.
The effect of the above string assignment statement is to 
assign the string
KLMN
to the identifier Z1 making it a "string variable". Now, if 
one enters
KLMN
where
KLMN
and
Z1
* PRINT Z1 0
then the string KLMN will be output to the user terminal.
Strings may be stored or retrieved using the relevant 
information transfer statement. For example, the statement
KEEP Z1 0
where Z1 is the string variable of the previous example, has 
the effect of storing the string variable Z1 in the 
repository for later use.
3.2.14 CONTROL STATEMENTS
Control statements are used to control the activities of the 
Formian interpreter. A control statement takes the form of a 
keyword and represents the action to be performed, generally 
followed by a list of identifiers.
Examples of the control statements are
EXIT, DELE and RUN statements.
(a) Exit Statement
The "Exit statement" is a construct of the form
EXIT
where
EXIT is a keyword.
The effect of the statement is to terminate the current 
Formian session and returns the user to the host computer 
operating system.
(b) DELE Statements
A "DELE statement" is a construct of the form
Fn.
is a keyword 
are variables.
The effect of a DELE statement is . to delete each of the 
variables FI,F2, ... ,Fn together with their values from the
system.
(c) RUN statements
A "RUN statement" is a construct of the form
RUN XI 
where
RUN is a keyword
and
XI is a string variable.
The effect of the statement is to execute a statement or a 
sequence of statements which are held in the form of a 
string.
For example, if the string
SI = LAM(1,2)[[1,1,3; 3,1,3; 2,2,3];
DRAW SI == BEN @
is to be executed, then one may enter
DELE FI,F2, ... ,
where
DELE
and
F1,F2, ... ,Fn
RUN BEN
3.2.15 SCHEMES
It is often useful to retain sequences of strings in a form 
of a "scheme" as it is referred to in Formian. One may then 
store the scheme permanently and retrieve it for use whenever 
required. Schemes can be executed using a RUN statement in 
the same way that a string is executed.
For example, consider the scheme
R1 = ROSID(3,3)j[2,2; 3,3];
R2 = RINID(I,J) J R1;
DRAW R2 == GEN(I,J) ®
where
GEN(I,J) is said to be a "scheme designator"
and
I and J are referred to as "formal parameters"
and let it be required to execut this scheme assuming that 
1=5 and J=7. This can be done through a RUN statement of the 
form
RUN GEN(5,7).
Now, if one wants to rerun the above scheme assuming that 
1=11 and J=3, this can be done through a RUN statement of the 
form
RUN GEN(11,3).
3.2.16 SURREY IMPLEMENTATION OF FORMIAN
Formian is implemented on the PRIME system of the University 
of Surrey and this implementation is referred to as the 
"Surrey implementation of Formian". The Surrey
implementation of Formian consists of a number of
subroutines. These subroutines are written in the standard 
Fortran77 language, and the set of these subroutines is 
referred to as the "library of the Surrey implementation of 
Formian".
The library of the Surrey implementation of Formian may be 
divided into two major groups of subroutines. , The first 
group relates to the implementation of the concepts of formex 
algebra and the second group relates to the implementation of 
the concepts of Formian graphics. The first group of 
subroutines is written by P. Disney of the Space Structures 
Research Centre, University of Surrey and the second group is 
written by the author of this work.
The normal procedure for using the Surrey implementation of 
Formian is by running a compiled version of the Formian 
library. Certain applications require that Formian user 
needs to add a number of subroutines to the Formian library. 
Examples of such applications will be discussed in the 
sequel. In such cases the user can add a compiled version of 
the subroutine(s) to the Formian library and proceed in the 
normal way.
3.3 BASIC CONCEPTS OF FORMIAN GRAPHICS
The objective of this Section is to introduce a number of 
basic concepts for a three dimensional graphics system 
through which images of formex plots can be created on the 
output medium of a peripheral graphic device. This graphics 
system is referred to as the "Formian graphics" and can be 
used through a number of Formian statements.
3.3.1 IMAGE CREATION
The process of image creation in Formian graphics may be 
conveniently divided into three major stages :
(1)Forming a plot,
(2)Viewing the plot
and
(3)Displaying a picture of the plot on a peripheral 
graphic device.
Details of these stages will be discussed in the sequel.
3.3.2 FORMING A PLOT
Having in hand a formex, a retronorm and a set of retrocords 
it can be imagined that a plot of the formex can be 
constructed relative to the coordinate system relevant to the 
retronorm using a construction style implied by some or all 
the employed set of retrocords, as will be elaborated later.
It may be imagined that the plot is placed in a three 
dimensional space so that images of the plot can be created 
by producing graphical representations of various aspects of 
the plot as it is viewed from different positions in the 
three dimensional space.
The plot which is to be viewed is referred to as the 
"object". The coordinate system relative to which the plot 
is constructed is referred to as the "object coordinate 
system". The space in which the plot is assumed to exist is 
referred to as the "object space". The default object 
coordinate system is a three dimensional Cartesian coordinate 
system.
For example, consider the formex
11J
El = rosid(4,4)|{[4,4,3; 3,1,1],[3,1,1; 5,1,1],
[5,1,1; 4,4,3],[5,1,1; 7,3,1]}
and let it be required to produce graphical representations 
from different aspects of a paritrifect N-plot of El. The 
object is an octagonal based pyramid consisting of sixteen 
line segments and the object coordinate system is a three 
dimensional Cartesian coordinate system, as shown in Fig 
3.3.1.
As a second example, consider the formex 
E2 = rinid(ll,9,8,8)|rosid(5,5)[G1
where
G1 = {[4,2? 5,1],[5,1; 6,2],
[6,2; 5,3],[5,3; 4,2],[5,3; 7,5]}
and let it be required to produce graphical representations 
from different aspects of a paribifect N-plot of E2. The 
object consists of 1980 line segments and is layed in a three 
dimensional Cartesian coordinate system with all the 
coordinates along the z-axis are taken to be zeros, as shown 
in Fig 3.3.2.
In Fig 3.3.3 a view of a basipolar N-plot of the formex
E3 = rinid(10,20,1,1)J{[2,0;3,1],[3,0;2,1]}
is shown. The object consists of 400 line segments and is 
layed in a three dimensional Cartesian coordinate system with 
all the coordinates along the z-axis are taken to be zero. 
The basifactors which are used in constructing the plot are
bl = 1  unit of length
and
b2 = 18 degrees.
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Figure 3.3.4 shows a view of a basispherical N-plot of the 
formex
E4 = pex(rinit(10,10,1,1)j
[10,0,3; 10,1,3],[10,1,3; 10,1,4],
[10,1,4; 10,0,4],[10,0,4; 10,0,3]}.
where the basifactors
bl = 1 unit length, 
b2 = 36 degrees
and
b3 = 9 degrees
are used in the construction of the plot. The object 
consists of 220 line segments, laying in a three dimensional 
Cartesian coordinate system as shown in the figure.
3.3.3 VIEWING
Having formed an object one can start viewing such an object 
from any point in the object space. The point from which the 
object is considered to be viewed is referred to as the "view 
point". Also, the point which is at the centre of the field 
of vision and is considered to be directly viewed is referred 
to as the "view centre". Furthermore, the straight line that 
connects the view point with the view centre is referred to 
as the "view line", as shown in Fig 3.3.5.
The view point and the view centre may be specified by giving 
their coordinates relative to the object coordinate system. 
Also, the view line may be specified by giving the 
coordinates of the view point and . the view centre, 
simultaneously, relative to the object coordinate system.
Formian users may specify the view point and the view centre
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through USE-items of the form
VP(x,y,z)
and
VC(x,y,z)
respectively, where
stands for view point, 
stands for view centre
are floatal expressions whose values are the 
coordinates of the viewpoint or the view 
centre relative to the object coordinate 
system.
For example, the USE-items
VP(3.9,10,15)
and
VC(10,51,2.8)
give rise to a view point positioned at the point (3.9,10,15) 
and a view centre positioned at the point (10,51,2.8), 
relative to the object coordinate system.
The default positions of the view point and the view centre 
are assumed to be given by the coordinates
(0.0,r)
and
(0,0,0),
respectively. That is, the default position of the view 
centre is the origin of the object coordinate system and the 
default position of the view point is at a point along the 
z-axis of the object coordinate system. This makes the
VP
VC
and
x, y and z
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default view line to be along the z-axis of the object
coordinate system. The value of r may be chosen for each
implementation of Formian to suit the typical applications. 
In the Surrey implementation of Formian, the value of r is
chosen to be equal to 32000.
Some applications require the change of both the view point
and the view centre simultaneously. In such cases, Formian 
users can use a single USE-item of the form
VL(xl,yl,zl,x2,y2,z2) 
where
VL stands for view line,
xl, yl and zl are floatal expressions whose values are
the coordinates of the view point relative 
to the object coordinate system
and
x2, y2 and z2 are floatal expressions whose values are
the coordinates of the view centre 
relative to the object coordinate system.
For example, the USE-item
VL(10,-50,15.5,3,3,2.1)
gives rise to a view point positined at the point
(10,-50,15.5) and a view centre positioned at the point 
(3,3,2.1), relative to the object coordinate system.
The view line must always be a well defined straight line and 
therefore the view point and the view centre may not be
coincident.
It can be imagined that there is a plane normal to the view 
line at the view centre,. This plane is referred to as the 
"trace plane". Furthermore, the plane which is parallel to 
the trace plane and contains the view point is referred to as
the "brow plane". The brow plane may, alternatively, be 
defined as the plane which is normal to the view line at the 
view point.
It is assumed that there exists a family of lines each of 
which is passing through the view point and intersects the 
trace plane at a point. Each of these lines is referred to 
as a "view ray". If a view ray passes through a point of the 
object and intersects the trace plane at a point, then the 
latter point is considered to be the image of the former 
point on the trace plane. This is valid even when the point 
of the object coincides with its image on the trace plane. A 
collection of such images creates an image of the object on 
the trace plane. This image is referred to as the "trace of 
the object" or simply as the "trace", as shown in Fig 3.3.5.
3.3.4 VIEW TYPE
The type of projection that is used to produce the trace of 
Fig 3.3.5 is referred to as "perspective projection". In 
this type of projection the object is assumed to be viewed 
through an eye whose position is at the view point.
A second type of projection can be produced by assuming that 
the object is viewed through an infinitely large eye whose 
mid-point is at the view point and for which all the view 
rays are parallel to the view line, as shown in Fig 3.3.6. 
This type of projection is referred to as "parallel 
projection".
A perspective projection results in an image which is 
referred to as a "perspective view" of the object and a 
parallel projection results in an image which is referred to 
as a "parallel view".
Each view type may be identified by an identification number,
and the required view type may be selected by specifying this 
identification number.
Formian users may specify the required view type by using a 
USE-item of the form
VT(n)
where
VT stands for "view type"
and
n is an integer expression whose value is either 1 or 
2, specifying parallel view or perspective view, 
respectively. The default view type is the parallel 
view.
This means that one can specify a parallel projection by 
using the USE-item
VT (1)
and a perspective projection by using the USE-item 
VT(2).
In order to illustrate the difference between parallel and 
perspective views of an object, consider the paribifect 
N-plot of the formex
E5 = rinid(7,7,4,4)j{[2,3; 4,3],[4,3; 5,5],
[5,5; 4,7],[4,7; 2,7],[2,7; 1,5],[1,5; 2,3]}.
A view of the plot is shown in Fig 3.3.7 laying in a three 
dimensional Cartesian coordinate system. Figure 3.3.8 shows 
a parallel view of the plot under consideration as it appears 
assuming that the view point and the view centre are 
positioned at the points (0,0,10) and (0,0,0), with respect
to the object coordinate system, respectively. Now, let it 
be required to produce a perspective view and a parallel view 
of the object of Fig 3.3.7 as it appears assuming that the 
view point has the coordinates (15,-30,10), with respect to 
the object coordinate system, and the view centre has the 
coordinates (15,35,0), with respect to the object coordinate 
system. The resulting paralell view is shown in Fig 3.3.9 
and the resulting perspective view is shown in Fig 3.3.10.
3.3.5 VIEW FIELD
In viewing a scene in the real world, one would be able to 
see only those parts of the scene that fall within the field 
of vision. This situation is simulated by assuming that the 
view point, in the object space, is the vertex of a conical 
volume. This conical volume is referred to as the "view
field". It is assumed that the view line is the axis of the
conical volume and the angle between the lines of 
intersection of the boudaries of the view field and a plane 
that contains the view line is referred to as the "view
angle", as shown in Fig 3.3.11.
The value of the view angle may be chosen for each 
implementation of Formian to suit the typical applications. 
In the Surrey implementation of Formian, the view angle is 
chosen to be equal to
i t  radians for parallel projection
and
3 radians for perspective projection.
The effect of the view field is that those parts of the
object that are on the boudaries or outside the view field 
are ignored and only those parts, if any, of the object that 
are within the view field are considered for projection.
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Figure 3.3.11 shows a case when all the object is inside the 
view field and the resulting image is shown in Fig 3.3.12. 
In Fig 3.3.13 an example of a case when parts of the object 
are outside the view field is given, and Fig 3.3.14 shows a 
view of the same object produced using a perspective 
projection, assuming that the view point and the view centre 
are at points (15,12,0.5) and (15,12,0), relative to the 
object coordinate sysytem, respectively.
3.3.6 PICTURE PRODUCTION
After developing a trace of an object it is required to 
produce an image of the trace on the output medium of a 
graphical peripheral device such as a VDU or a plotter. This 
image is referred to as the “picture of the object" or simply 
as the "picture". Also, the plane on which the picture is 
produced is referred to as the "picture plane". The 
coordinate system of the peripheral graphic device is 
referred to as the "device coordinate system". The device 
coordinate system is a two dimensional Cartesian coordinate 
system and lies in the picture plane, as shown in Fig 3.3.15. 
The unit of length used with respect to the device coordinate 
system is millimetre.
3.3.7 VIEW FRAME
The picture plane is considered to be an infinite plane, but 
as long as the picture production is concerned, there must be 
a limit for the region on which the picture can be produced. 
Such regions are normally limited by the limits prescribed 
for the graphic device.
It is possible to restrict the region for graphic production 
to an area enclosed by a rectangular frame. This rectangular 
frame is referred to as the "view frame". The sides of the
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view frame are either parallel or perpendicular to the device
coordinate axes. Any part of the picture that may fall
outside the view frame will not be graphically represented.
The view frame may be specified by giving the coordinates of
two diagonally opposite corners of the view frame relative to
the device coordinate system.
Formian users may specify a view frame through a USE-item of 
the form
VF([pl,ql],p2,q2) 
where
VF stands for view frame
and
pl,ql,p2 and q2 are floatal expressions whose values
are the coordinates of two diagonally 
opposite corners of the view frame
relative to the device coordinate
system, as shown in Fig 3.3.16. If pi 
and ql are not given then they are 
taken be zeros.
For example, the USE-item
VF(10,10,110,80)
gives rise to the view frame shown in Fig 3.3.17.
The default view frame is a rectangular frame that 
encompasses the whole of the region prescribed for picture 
production.
In actually creating a picture of an object, the view frame 
and the device coordinate system are not graphically 
produced. In order to explain the effects of the view frame 
and the device coordinate system they are drawn in dotted
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lines in Figs 3.3.16 and 3.3.17 and this convention of using 
dotted lines for entities that are not graphically produced 
in the picture plane is used throughout this Section.
It should be noticed that, by definition, the following view 
frame specifications
VF(10,10,110,80),
VF(110,80,10,10),
VF(110,10,10,80)
and
VF(10,80,110,10)
give rise to the same view frame. This can be understood by 
the help of Figs 3.3.16 and 3.3.17.
The effect of the view frame on the picture is that all those 
parts of the picture that are on the boundaries or outside 
the view frame are ignored and only those parts, if any, of 
the picture that are within the view frame are displayed. 
For example, let it be assumed that the picture of Fig 3.3.18 
is to be displayed and the required view frame is as shown in 
the figure. In such a case the displayed picture will be as 
shown in Fig 3.3.19.
If a view frame is specified so that
pl=p2 and/or ql=q2
then the resulting view frame is a line segment or a jioint 
and does not enclose any area. In such cases, no picture can 
be created in the picture plane. Bearing in mind that any 
part of the picture which may fall outside the limits 
prescribed for the graphic device will not be graphically 
represented, any part of the view frame which extands beyond 
these limits will be ineffective. For example, if a 
specified view frame is as shown in Fig 3.3.20 or Fig 3.3.21
I o  I
Fig 3.3.18
picture picture planeview Frame
Fig 3.3.19
boundaries o f the prescribed
picture plane region for picture creation
specified view framedevice coordinate system
boundaries of the prescribed
specified view frame region for picture creation
I------
_i _ ____ i
device coordinate system picture plane
I DO
and the prescribed region for picture production is as shown 
in the figures, then only the shaded parts will be capable of 
containing any graphic effects.
3.3.8 ORIANTATION, POSITION AND SIZE OF THE PICTURE
In order to produce a picture of an object from the 
respective trace, it will be necessary to have information 
regarding :
(1)The required oriantation of the picture,
(2)The required position of the picture
and
(3)The required size of the picture.
These requirements are discussed in the sequel.
3.3.9 VIEW RISE AND VIEW HELM
The required orientation of the picture may be obtained using 
a vector which is referred to as the "view rise". The view 
rise is a vector specified in the object space and the 
orientation of the picture is chosen such that the image of' 
the view rise in the picture plane is parallel to the q-axis 
of the device coordinate system, with the arrowhead of the 
image pointing towards the positive direction of the q-axis 
of the device coordinate system, as shown in Fig 3.3.22.
The view rise may be specified by giving the coordinates of 
its two ends relative to the object coordinate system.
Formian users may specify the view rise by using a USE-item 
of the form
VR([xl,yl,zl],x2,y2,z2)
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stands for view rise,
are floatal expressions whose values are 
the coordinates of the starting end of 
the view rise, relative to the object 
coordinate system
are floatal expressions whose values are 
the coordinates of the arrowhead end of 
the view rise, relative to the object 
coordinate system.
If the coordinates xl, yl and zl are not given then they are 
taken to be zeros.. That is, the starting end of the view 
rise is taken to be at the origin of the object coordinate 
system.
For example, the USE-item
VR(1,2,1.5,2,4.1,4)
gives rise to a view rise positioned so that the coordinates 
of its starting end and arrowhead end are (1,2,1.5) and 
(2,4.1,4), relative to the object coordinate system, 
respectively.
The default for the view rise is a unit vector along the 
y-axis of the object coordinate system. Hence, the 
coordinates of the starting end and the arrowhead end of the 
default view rise may be given by
(0 ,0 ,0 )
and
(0,1,0),
VR
xl,yl and zl
and
x2,y2 and z2
respectively.
It should be stated that the direction of the view rise plays 
a major role in the picture oriantation while its length has 
no effect in this respect. For example, the following view 
rise specifications
VR(0,0,0,0.71,0.71,0)
and
VR(0,0,0,71,71,0)
have the same effect on the picture oriantation.
The image of the view rise will not be graphically produced 
in the picture plane. Moreover, this image need not 
necessarily be inside the view frame and may occur anywhere 
in the picture plane. On the other hand, the image of the 
view rise in the trace plane (and the picture plane) must be 
a line segment of finite length and for this condition to be 
satisfied it is necessary that :
(i) the starting end and the arrowhead end of the 
view rise are not coincident,
(ii)in the case of parallel projection, the view rise 
is not parallel to the view line
and
(iii)in the case of perspective projection
(a)the view rise is not coincident with the view line
and
(b)the view rise does not lie in the brow plane.
As an example of the applications of the view rise consider 
the object of Fig 3.3.22 and let it be required to produce 
two pictures of the same object using the view rise 
specifications
VR(0,0,0,0,-1,0)
and
VR(0,0,0,-0.71,0.71,0).
Figs 3.3.23 and 3.3.24 show the required two pictures. In 
producing the picture of the first figure the first view rise
specification is used and in the second figure the second
view rise specification is used.
Some applications require that the starting point of the view 
rise is to be coincident with the view centre. In such 
cases, it is possible to specify the view point, the view 
centre and the view rise at the same time. This can be 
achieved through the concept of the "view helm" which is 
defined as a broken vector in the object space consisting of 
the view rise and the part of the view line which is between 
the view point and the view centre, as shown in Fig 3.3.25.
The view helm may be specified by giving the coordinates of 
the view point, the view centre and the arrowhead end of the 
view rise, at the same time.
Formian users may specify the view helm through a USE-item of
the form
VH(xl,yl,zl,x2,y2,z2,x3,y3,z3)
where
VH stands for view helm,
xl,yl and zl are floatal expressions whose values are
the coordinates of the view point, 
relative to the object coordinate system,
x2,y2 and z2 are floatal expressions whose values are
the coordinates of the view centre and at 
the same time the coordinates of the
starting end of the view rise, relative 
to the object coordinate system
and
x3,y3 and z3 are floatal expressions whose values are
the coordinates of the arrowhead end of 
the view rise, relative to the object
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coordinate system.
For example, the USE-item
VH(0,-30,70,0,0,0,0,0,1)
gives rise to a view point and a view centre positioned at 
the points (0,-30,70) and (0,0,0), relative to the object 
coordinate system, respectively, and a view rise positioned 
such that the coordinates of its starting end and its 
arrowhead end are (0,0,0) and (0,0,1), relative to the object 
coordinate system, respectively. This view helm
specification is used to produce the parallel view of the 
basispherical N-plot shown in Fig 3.3.26. In order to 
produce two different views of the object of Fig 3.3.26 the 
view helm specifications
VH(0,-100,0,0,0,0,0,0,1)
and
VH(0,0,100,0,0,0,0,1,0)
are used and the resulting pictures are shown in Figs 3.3.27 
and 3.3.28, respectively, where Fig 3.3.27 shows a side view 
of the plot under consideration and Fig 3.3.28 shows a plan 
view of the same plot.
As another example of the use of the concept of view helm, 
let it be required to produce a plan, an elevation and a side 
view of the paritrifect N-plot shown in Fig 3.3.29, laying in 
a three dimensional Cartesian coordinate system. The 
resulting pictures are shown in Fig 3.3.30 where the view 
helm specifications
VH(0,0,100,0,0,0,0,1,0),
VH(0,-100,0,0,0,0,0,0,1)
and
VH(100,0,0,0,0,0,0,0,1)
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are used in order to produce the plan, the elevation and the 
side view shown in Fig 3.3.30.
Combining the defaults of the view point, the view centre and 
the view rise gives a default view helm of
(0,32000,0,0,0,0,0,1,0).
3.3.10 VIEW BASE AND VIEW NAVE
The position of the picture in the picture plane may be 
controlled by specifying a point in the object space, 
referred to as the "view base", and a point in the picture 
plane, referred to as the "view nave", with the understanding 
that the picture will be positioned such that the image of 
the view base in the picture plane will coincide with the 
view nave, as shown in Fig 3.3.31
The view base may be specified by giving its coordinates 
relative to the object coordinate system.
Formian users may specify the view base through a USE-item of 
the form
stands for view base
are floatal expressions whose values are
the coordinates of the view base relative to1
the object coordinate system.
The view nave may be specified by giving its coordinates 
relative to the device coordinate system.
VB(x,y,z) 
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Formian users may specify the view nave through a USE-item of 
the form
stands for "view nave"
are floatal expressions whose values are the
coordinates of the view nave relative to the
device coordinate system.
For example, the USE-items
VB(6,7,2.3)
and
VN(100,50)
give rise to a view base situated at the point (6,7,2.3), 
relative to the object coordinate system, and a view nave 
situated at the point (100,50), relative to the device 
coordinate system.
The default positions of the view base and the view nave are
taken to be the origin of the object coordinate system and
the origin of the device coordinate system, respectively.
In order to illustrate the use of the view nave, let it be 
required to reproduce the picture of Fig 3.3.32 with a shift 
of 10 mm along the p axis of the device coordinate system and 
a shift of 30 mm along the q axis, taking into account that 
the view nave used in producing the picture of Fig 3.3.32 is 
positioned at the point (10,20), relative to the device 
coordinate system, as indicated in the figure. The required 
picture is illustrated in Fig 3.3.33 where the view nave is 
positioned at -the point (20,50) relative to the device 
coordinate system. The coordinates of the view nave used in 
Fig 3.3.33 are obtained by adding the required shifts to the
VN(p.q)
where
VN
and
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coordinates of the view nave of Fig 3.3.32.
It should be stated that the image of the view base in the 
picture plane need not necessarily be inside the view frame 
and may occur anywhere in the picture plane. 
Correspondingly, the view nave is not restricted to be within 
the view frame and may occur anywhere in the picture plane. 
However, for perspective projection, it is required that the 
view base is not laying in the brow plane since otherwise the 
coordinates of the position of its image in the picture plane 
will not be describable by finite numbers.
3.3.11 VIEW SCALE AND VIEW GAUGE
The size of the picture is controlled by either of two 
alternative entities. The first is referred to as the "view 
scale", and the second is referred to as the "view gauge".
(a) Control of Size Through View Scale
In this method, the size of the picture is controlled by 
specifying a scale factor. To elaborate, the trace plane is 
assumed to contain a circle which is referred to as the "unit 
circle". The centre of the unit circle is at the view centre 
and the radius of the unit circle is one unit length, as used 
in relation to the object coordinate system. The scaling of 
the trace for the production of the picture is then required 
to be such that the image of the unit circle in the picture 
plane is a circle whose radius is r millimitres, as shown in 
Fig 3.3.34.
The view scale may be specified by giving the length in 
millimetres of the radius of the image of the unit circle in 
the picture plane.
Formian users may specify the view scale through a USE-item
image oF unit circle r millimetres
picture
picture plane
Fig 3.3.31
of the form
VS (r) 
where
VS stands for "view scale".
and
r is a floatal expression whose value is a positive
number representing the length in millimetres 
of the radius of the image of the unit circle in 
the picture plane.
For example, one can specify a view scale of 31 by using the 
USE-item
VS(31)
and a view scale of 0.75 by using the USE-item 
VS(0.75).
The default value of r may be chosen for each implemantation 
of Formian to suit the typical applications. In the Surrey 
implementation of Formian, this default value is chosen to be 
10.
The image of the unit circle in the picture plane will not be 
graphically produced. Also, this image need not necessarly 
be within the view frame and may occour anywhere in the 
picture plane.
In order to illustrate the use of the concept of the view 
scale, the picture of Fig 3.3.35 is reproduced in Fig 3.3.36 
using a different view scale. The view scale used in 
producing the picture of Fig 3.3.35 is 3, and the view scale 
used in producing the picture of Fig 3.3.36 is 5.
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(b) Control of Size Through View Gauge
In this method, the size of the picture may be controlled by 
defining a line segment, referred to as the "view gauge", in 
the object space and it is required that the image of this 
view gauge in the picture plane is of a specified length 
equals to r, millimetres, as shown in Fig 3.3.37.
The view gauge may be specified by giving the coordinates of 
its two end points, relative to the object coordinate system, 
and the length of its image, in millimetres, in the picture 
plane.
Formian users may specify the view gauge using a USE-item of 
the form
VG([xl,yl,zl],x2,y2,z2,r) 
where
VG stands for view gauge
xl,yl,zl,x2,y2 and z2 are floatal expressions whose
values are the coordinates of the 
end points of the view guage,
relative to the object coordinate 
system
and
r is a floatal expression whose
value is a positive number 
representing the length in 
millimetres, of the image of the 
view gauge in the picture plane.
If xl, yl and zl are not given then they are taken to be 
zeros. That is, in this case one of the end points of the
view gauge is taken to be at the origin of the object
coordinate system.
For example, knowing that the view gauge specification
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VG(2,2,0,4,4,0,20)
is used in producing the picture of Fig 3.3.38, let it be 
required to reproduce the same picture such that the length 
of the image, in the picture plane, of the line connecting 
the points (2,2,0) and (4,4,0), relative to the object 
coordinate system, equals to 15 mm. Such a picture is shown 
in Fig 3.3.39 and this picture is produced using the view 
gauge specification
VG( 2, 2,0,4,4,0,15) .
The view gauge specification used in producing the picture of 
Fig 3.3.38 gives rise to a scaling factor of
20/ J(4-2 )2 + (4-2 )2 + (0-0)2 = 7.07
and the view gauge specification used in producing the
picture of Fig 3.3.39 gives rise to a scaling factbr of
15/J (4-2) +(4-2 )2 +(0-0 )2 = 5.30.
This in turn implies that the length of any line segment of 
the picture of Fig 3.3.39 equals to
5.30/7.07 =0.75
of the length of the corresponding line segment of the
picture of Fig 3.3.38.
The image of the view gauge will not be graphically produced 
in the picture plane. Moreover, this image need not
necessarily be within the view frame and may occour anywhere 
in the picture plane. However, the image of the view gauge 
in the trace plane (and the picture plane) must be a line 
segment of a finite length and for this condition to be
view frame picture
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satisfied it is necessary that
(i)the two ends of the view gauge in the object space 
are not coincident,
(ii)in the case of parallel-projection, the view gauge 
is not parallel to the view line
and
(iii)in the case of perspective projection
(a)the view gauge is not coincident with the view line
and
(b)the view gauge does not lie in the brow plane.
It should be mentioned that the order of giving the 
coordinates of the two ends of the view gauge does not affect 
the size of the picture. For example, the view gauge 
specifications
VG( 10,10,15,11,12,17,9)
and
VG(11,12,17 ,10,10,15, 9) 
have the same effect on the picture size.
3.3.12 VIEW MODE
There exist three modes through which one can cotrol the 
position and the size of the picture. These are :
(1)the nave mode,
(2)the range mode
and
(3)the zone mode.
Each of these modes will be discussed in the sequel.
Each view mode may be identified by an identification number, 
and the required view mode may be selected by specifying this
identification number.
Formian users may specify the required view mode by using a 
USE-item of the form
VM(n)
where
VM stands for "view mode"
and
n is an integer expression whose value is 1,2 or 3
specifying nave mode, range mode or zone mode, 
respectively. The default view mode is the 
nave mode.
For example, to specify a range mode, one can use the 
USE-item
VM( 2)
and to specify a zone mode, one can use the USE-item 
VM(3).
3.3.13 THE NAVE MODE
The mode of operation in which the position of the picture is 
controlled through the concepts of the view base and the view 
nave, and the size of the picture is controlled through 
either the concept of view scale or the concept of view gauge 
is referred to as the "nave mode".
The default method of determination of the size of the 
picture in the nave mode is through the concepts of the view 
scale. Thus, unless a view gauge is specified, the 
operations will continue to be with respect to the view scale 
and this in turn implies that it is not meaningful for the
view gauge to have a default.
3.3.14 THE RANGE MODE
In order to describe this second method of controlling the 
position and the size of the picture, let the object and the 
view rise be as shown in Fig 3.3.40 and consider a rectangle 
in the trace plane where the sides of the rectangle are 
either parallel or perpendicular to the image of the view 
rise in the trace plane and where the whole of the trace is 
inside the rectangle with the four sides of the rectangle 
just touching the trace. The area enclosed by this rectangle 
is referred to as the "trace range" and the sides of the 
trace range, relative to the image of the view ' rise, are 
identified as "top", "bottom", "right" and "left", as shown 
in Fig 3.3.40.
The postion and the size of the picture are then determined 
such that the image of the trace range in the picture plane 
satisfies the following conditions :
(1)The left side of the image of the trace range is
coincident with the left side of the view frame.
(2)The bottom side of the image of the trace range is
coincident with the bottom side of the view frame.
(3)The top side of the image of the trace range is 
coincident with the top side of view frame
or s the right side of the image of the trace range is 
coincident with the/ right side of the view frame 
or : both the top and the right sides of the image of 
the trace range are coincident, correspondigly, 
with the top and the right sides of the 
view frame.
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In Figs 3.3.41-3.3.44 four examples are given in order to 
illustrate how the above conditions can be satisfied. In 
each of the four figures the left side of the image of the 
trace range in the picture plane is coincident with the left 
side of the view frame and the bottom side of the image of 
the trace range in the picture plane is coinsident with the 
bottom side of the view frame. In addition, the top side of 
the image of the trace range in the picture plane is 
coincident with the top side of the view frame in Fig 3.3.41, 
the right side of the image of the trace range in the picture 
plane is coincident with the right side of the view frame in 
Fig 3.3.42 and both the top and the right sides of the image 
of the trace range in the picture plane are coincident with 
the top and the right side of the view frame in Figs 3.3.43 
and 3.3.44.
The mode of operation in which the position and the size of 
the picture are controlled through the concept of the trace 
range, as described above, is referred to as the "range 
mode". The range mode can be selected by using the USE-item
VM( 2)
as mentioned earlier.
It should be mentioned that by using the range mode all the 
trace of all the parts of an object that falls within the 
view field can be fitted into a specified view frame. This 
makes the range mode to be more frequently used in cases when 
Formian users find it difficult to estimate the coordinates 
of the object specially when the object is developed by using 
an unfamiliar retronorm or when the user has no idea of a 
suitable scale to be used.
Using the range mode , one can alter the scale of a picture 
by changing the view frame. For example, the picture of 
Fig.3.3.45 is produced using the range mode and the view
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frame specification
VF(5,5,55,55)
and the same picture is reproduced in Fig 3.3.46 using the 
view frame specification
VF(5,5,155,145).
3.3.15 THE ZONE MODE
This third method of controlling the position and the size of 
the picture involves the definition of a parallelpiped in the 
object space, where the facets of the parallelpiped are 
either parallel or perpendicular to the object coordinate 
axes as shown in Fig 3.3.47. This parallelpiped is referred 
to as the "view zone".
The view zone may be specified be giving the coordinates, 
relative to the object coordinate system, of two vertices 
which are at the ends of one of the four principle diagonals 
of the parallelpiped.
Formian users may specify the view zone by using a USE-item 
of the form
VZ([xl,yl,zl],x2,y2,z2) 
where
VZ stands for "view zone"
and
xl,yl,zl,x2,y2 and z2 are floatal expressions whose
values are the coordinates, with 
respect to the object coordinate 
system, of two vertices which are 
at the ends of one of the four 
principle diagonals of the view
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zone. If xl, yl and zl are not
given then they are taken to be
zeros.
It should be mentioned that, by defintion, all the view zone 
specifications
VZ(-7,-7,-7,31,31,31),
VZ(-7,-7,31,31,31,-7),
VZ (31, -7,-7., -?, 31, 31)
and
VZ ( 31, -7, 31, -7, 31, -7 )
give rise to the same view zone. Furthermore, if the 
coordinates of the two vertices which are at the ends of each
of the four principal diagonls of the view zone are given in
an apposite order to the order given above, that will again
give rise to the same view zone. Hen'ce, the view zone
specifications given above and the view zone specifications
VZ(31,31,31,-7,-7,-7),
VZ(31,31,-7,-7,-7,31),
VZ(-7,31,31,31,-7,-7)
and
VZ(-7,31,-7,31,-7,31)
give rise to the same view zone.
The default for the view zone may be chosen for each
implementation of Formian to suit the typical applications. 
In the Surrey implementation of Formian, this default is 
chosen to be
(0,0,0,75,75,75).
Having specified the view zone, any part of the object that 
is on the boundary or falls outside the view zone and/or the
view field is ignored and the picture is produced from those 
parts, if any, of the object that are within the view zone 
and the view field with the position and the size chosen such 
that as though the view zone is the object whose picture is 
to be produced in the range mode. The images of the boundary 
lines of the view zone, however, will not be graphically 
produced.
The mode of operation in which the position and the size of 
the picture are controlled using the concept of the view 
zone, as explained above, is referred to as the "zone mode". 
The zone mode may be selected by using the USE-item
VM( 3)
as mentioned earlier.
In the case of a view zone specified as
VZ(xl,yl,zl,x2,y2,z2) 
where
xl = x2 and/or yl = y2 and/or zl = z2
that is, when the view zone is a plane rectangle or a line 
segment or a point and does not enclose a volume; then the 
object will not give rise to any picture.
In order to give an example of the application of the concept 
of view zone, consider the paritrifect N-plot shown in Fig 
3.3.48 and let it be required to display pictures of the 
different layers of this plot. Figures 3.3.49, 3.3.50 and
3.3.51 show pictures of the top layer, the bottom layer and 
the bracing members of the plot under consideration, 
respectively. These are produced by choosing three different 
view zones. in each case a view zone which contains only the 
required elements to be shown is chosen.
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iUSER'S DEFINED RETROCORDS
4.1 INTRODUCTION
It was mentioned in Chapter 3 that the creation of an object 
requires a retronorm and a set of retrocords selected by the 
Formian user. Hence, every implementation of Formian should 
have a number of retronorms and sets of retrocords from which 
the user can select.
In the Surrey implementation of Formian, a paritrifeet 
retronorm and a set of retrocords which gives rise to a 
natural plotting style are selected by default. Other 
retrocords may be selected through a number of USE-items as 
will be explained in the sequel.
The set of retrocords which gives rise to the natural 
plotting style that is implemented in the Surrey
implementation of Formian may be described as follows :
(1) The frond of an m-plex cantle, where m>l, is obtained by 
using straight lines to connect the pivots relating to its 
signets in a sequential manner and, in addition, if m>2 then 
the pivots relating to the first and last signets are 
connected by a straight line.
(2) No special symbol for a tenon is used, except when the 
tenon represents a cantle in which case it is drawn as a 
little solid circle.
(3) No indication regarding the order of appearance of the 
signets in the cantle is included.
(4) No indication regarding the order of appearance of the 
cantles is included.
(5) A segment of the plot that involves overlapping parts is 
represented only once.
For example, Fig 4.1.1 shows a paribifect natural plot of the 
8-plex homogenous formex
A1 = lam(2,4)|rin(1,5,4)\
[1,1; 5,1; 5,2; 4,2; 4,3; 2,3; 2,2; 1, 2] ,
Fig 4.1.2 shows a paribifect natural plot of the 2-plex 
formex
A2 = lam(1,13)j LIB(j=0,5)]LIB (i= j, 6) [tranid(2i,2j)]A3 
where
A3 = {[1,1? 2,2],[1,2; 2,1]},
Fig 4.1.3 shows a paribifect natural plot of the ingot 
lam(2,4)jrin(l,5,4)jA5
{[1,1],[5,1],[5,2],[4,2],[4,3],[2,3],[2,2],[1,2]}
and Fig 4.1.4 shows a paribifect natural plot of the 16-plex 
formex
A6 = [2,2; 3,2; 4,1; 5,2; 6,2; 6, 3; 7, 4;
6,5; 6,6; 5,6; 4,7; 3,6; 2,6; 2,5; 1,4; 2,3].
4.2 OBJECT AND PICTURE RETROCORDS
A retrocord which caters for an aspect of the shape of the 
object is referred to as an "object retrocord". Furthermore, 
a retrocord which caters for an aspect of the shape of the
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picture is referred to as a "picture retrocord".
For example, a retrocord which indicates that a frond of a 
cantle of the second plexitude is obtained by using a 
straight line to connect the pivots relating to its signets 
is an object retrocord, and a retrocord which indicates that 
the picture of an object should be drawn in dotted lines is a 
picture retrocord.
It should be mentioned that, picture retrocords have no 
effect on the object. On the other hand, object retrocords 
affect the object and any picture of that object. This is 
true simply because any picture retrocord takes effect at a 
very late stage of the image creation process, namely, at the 
displaying stage while any object retrocord takes effect at 
an earlier stage. Namely, at the construction stage of the 
object.
4.3 USER'S DEFINED RETROCORDS
It was mentioned earlier that every implementation of Formian 
should include a set of retrocords according to which tenons 
and fronds of formex plots may be graphically represented. 
Such retrocords may be implemented so that a user may select 
from them according to the application. In addition to the 
implemented retrocords, a facility should be offered to the 
user to employ retrocords defined by the user. Such 
retrocords are referred to as "user's defined retrocords".
User's defined retrocords may be related either to an object 
or to a picture of such an object. User's defined retrocords 
which are related to an object are referred to as "user's 
defined object retrocords" and those which are related to the 
picture are referred to as "user's defined picture 
retrocords". Furthermore, user's defined picture retrocords 
may be divided into two groups. The first group relates to
tenons defined by the user, and these are referred to as 
"user's defined tenons". The second group relates to fronds 
defined by the user, and these are referred to as "user's 
defined fronds".
As an example of a situation when a user needs to define a 
retrocord, let it be assumed that the graphical
representation of a signet is of a shape which is not 
implemeted in the available implemetation of Formian. Say, 
each signet of a formex should be graphically represented by 
a shape of a flower, a windmill or a butterfly, ... etc. In 
such a case, the user needs to define accuratly the shape of 
the graphical representation of such signets taking into 
account their position relative to the pivots, the 
oriantation of each flower, windmill or butterfly, ... etc, 
and any other conditions which may be required.
A facility is offered to Formian users to define graphical 
representations of tenons and fronds through procedures 
written by the user. Such procedures dictate shapes of 
tenons and/or fronds as the application requires. Examples 
of such procedures and their use will be discussed in the 
sequel.
In the Surrey implementation of Formian, procedures related 
to the user's defined retrocords take the form of FORTRAN 77 
subroutines. Hence, in order to benefit from such a 
facility, it is required that the user of this implementation 
should be familiar with the standard FORTRAN 77 computing 
language.
User's defined object retrocords as any other object 
retrocords affect the object and any picture of such an 
object. Therefore, such retrocords should be taken into 
account at the construction stage of the object. Hence, the 
viewing process should be flexible enough to take care of 
various definitions of tenons and fronds.
The facility that is offered to Formian user's to define 
graphical representations of tenons and fronds through 
procedures written by the user is limited to user's defined 
picture retrocords only, and no facility for user's defined 
object retrocords is offered. The object constructed 
according to the natural plotting style, viewed and projected 
accordingly and then the picture is displayed according to 
the current picture retrocords selected by the user. The 
current picture retrocords may be either user's defined 
picture retrocords or any of the implemented picture 
retrocords.
Procedures related to the user's defined picture retrocords 
are normally written according to specific formats which will 
be discussed in the sequel. Such procedures may be compiled, 
checked and corrected independently and then the compiled 
version of such procedures may be loaded together with the 
Formian library. The Formian library includes a number of 
procedures which cater for all the implemented Formian 
statements. Subsequent to the inclusion of procedures 
related to the user's defined picture retrocords in the 
Formian library, pictures may be displayed on a graphic 
device in accordance with the retrocords described by the 
user.
4.4 USE OF USER'S DEFINED TENONS
A user's defined tenon may be selected through a USE-item of 
the form
TENON(Ti,PI,P2, ... ,Pn)
where
TENON stands for user's defined tenon,
Ti is the name of the procedure which
dictates the characteristics of the 
selected user's defined retrocord
and
P1,P2, ... , Pn are parameters given as floatal
expressions. The number of these 
parameters is arbitrary but in the 
Surrey implementation of Formian this 
number is limited to 99.
In the Surrey implemetation of Formian, users are given
access to a file called TENON. There are ten subroutines in 
this file. These subroutines are of an identical format, and 
can be used to dictate characterestics of user's defined
tenons. The name of each of these subroutines starts with
the character T and is followed by a digit . For example,
the subroutine T8 has the following format
SUBROUTINE T8(N,A1,A2,A3)
C0MM0N/NEW5/TPARA(99)
RETURN
END
where
is an integer expression whose value is the 
sequential position of the current signet 
in the current formex,
are floatal expressions whose values are
the x, y and z coordinates of the current
signet with respect to the device
coordinate system
is the name of a one dimensional array
in which the values of the parameters
mentioned above, are stored.
When a user's defined picture retrocord is selected and a 
graphic device has been instructed to display a picture of an
object according to the instructions given in the relevant
subroutine, related to the user's defined picture retrocords, 
the instructions included in the relevant subroutine will be
A1,A2 and A3
and
TPARA
applied on the relevant formex plot in a piecewise fashion. 
That is, the relevant subroutine recieves the data related to 
all the tenons of the plot under consideration, one tenon at 
a time. This data consists of an integer expression whose 
value is the sequential position of the tenon in the plot and 
the x, y and z coordinates, with respect to the device 
coordinate system, of the relevant pivot.
Plotting instructions are assumed to be contained in every 
subroutine related to a user's defined retrocord. Such 
instructions may include line, circle or dot drawing 
commands, or any other commands the user may need. The usual 
practice is to prepare in advance a set of subroutines which 
may be used when needed to draw a line, a circle or a dot. 
Such subroutines may be either subroutines written by the 
user or subroutines selected from a standard graphics system.
As an example of the use of user's defined tenons, consider 
the ingot
K1 = pex|rosid(4,4)|rosid(2,2)]{[1,1],[2,2]}
and let it be required to produce a plot of this ingot 
similar to the one shown in Fig 4.4.1. In order to produce 
such a plot, it is required to write a subroutine which 
instructs the selected graphic device to draw each tenon as 
circle containing a central dot. Furthermore, let it be 
assumed that one had written such a subroutine and designated 
as T2, in the manner mentioned above. Such a subroutine can 
take effect through the statement
USE TENON(T2).
As an example of the use of parameters associated with a 
USE-item related to a user's defined retrocord, let it be 
assumed that the subroutine T2, used in producing the plot of 
Fig 4.4.1 requires the diameter of each dot and the diameter
of each circle related to tenons are to be specified. In 
such a case, one may use a USE-item of the form
TENON(T2,PI,P2) 
where
PI and P2 are floatal expressions whose values are the 
diameters of the dot and the circle, in 
millimetres, respectively.
The data related to each of the above parameters P1,P2, ...
,Pn is passed to the subroutine T2 through the single 
dimensional array TPARA, mentioned above. That is
TPARA(l) = PI
and
TPARA(2) = P2
and these parameters may be used in the subroutine T2 as the 
application requires.
For example, drawing tenons of a dot of 1 mm diameter and a 
circle of 4 mm diameter using the above subroutine T2, may be 
achieved through the USE-item
TENON(T2,1,4).
As an example of the use of the integer expression whose 
value is the sequential position of a tenon in a formex plot, 
consider the ingot
K2 = rin(l,8,1)[[1,1]
and let it be assumed that the selection of a shape for each 
tenon related to each signet of this ingot depends on the 
value of the integer expression whose value is the sequential 
position of the corresponding signet in the ingot. 
Furthermore, let it be assumed that the instructions related
to such a retrocord are included in a subroutine called TI. 
in such a case the subroutine TI may include a FORTRAN
statement of the form
CALL SHAPE(N) 
where
SHAPE is the name of a subroutine that instructs
gfaphic devices to produce plots of 
different shapes. The selection of a shape 
depends on the value of the argument passed 
to the subroutine
and
N is an integer expression whose value is the
sequential position of the tenon in the 
formex plot passed as an argument to the 
subroutine SHAPE.
For example, a formex plot of the ingot K2, produced using 
the subroutine TI, which includes a call to the subroutine 
SHAPE, may produce a formex plot of the form shown in Fig
4.4.2.
As an example of the use of user's defined tenons in 
structural engineering, consider the supports shown in Fig
4.4.3 and let it be, assumed that in order to draw such 
supports, the support type, the x and y coordinates of the
point i, the dimension L and the angle a , as indicated in
the figure, are required. In such a case, one needs to write 
a subroutine which includes instructions to draw shapes of 
tenons. The shape of each support may be considered as a 
shape of a tenon. There are other dimensions which may be
required in addition to the dimension L, indicated in Fig
4.4.3, such as the diameter of the rollers of type 3 support, 
the length of each side of the triangle of types 2 & 3 
supports, ... etc. In order to reduce the size of the 
required data, let it be assumed that such dimensions are of 
fixed proportions to the dimension L.
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Now, let it.be assumed that a subroutine related to user's 
defined tenons has been written and entered in the file 
TENON, mentioned ■ above, as the subroutine T3. Subroutine T3 
takes effect through a USE-item of the form
TENON(T3,PI,P2,P3) 
where
PI is an integer expression whose value indicates
the support type,
P2 is a floatal expression whose value is the dimension 
L of the support, in millimetres
and
P3 is a floatal expression whose value is the angle
that the support makes with the positive direction 
of the x-axis of the device coordinate system,
measured in an anticlockwise direction.
The subroutine T3 may include the FORTRAN statement
CALL SUPPORT(TPARA(1),TPARA(2),TPARA(3))
where
SUPPORT is the name of a subroutine which may enable 
graphic devices to draw shapes of tenons, 
TPARA(l) = PI,
TPARA(2) = P2
and
TPARA(3) = P3.
The coordinates of the point i of each support may be 
considered as the coordinates of the relevant pivot.
As an example of the use of subroutine T3, let it be assumed 
that it is required to produce a plot of a formex which 
represents the interconnection pattern of the frame of Fig
4.4.4 taking into account that all the ground supports are 
totally fixed. In such a case, one may use the formex
Ml = M2 # M3 
where
M2 = pexjrinid(5,2,l,l)j{[1,1; 1,2],
[1,2; 2,2],[2,2; 2,1]}
and
M3 = pexjrinid(3,3,1,1)j{[2,3; 2,4],
[2,4; 3,4],[3,4; 3,3]}
to represent the interconnection pattern of the frame under 
consideration, and the ingot
K3 = rin(l,6,1)|[1,1]
to represt the ground supports.
A set of retrocords which gives rise to a natural plotting 
style may be used to produce a paribifect natural plot of the 
formex Ml which represents the multilayer frame. Then a set 
of picture retrocords dictated by the subroutine T3, 
mentioned above, may be used in producing a paribifect plot 
of the ingot K3. These retrocords may be selected through 
the USE-item
TEN0N(T3,1,8,0).
As a second example of the use of subroutine T3, mentioned 
above, let it be assumed that it is required to produce Fig
4.4.5 using Formian graphics. In such a case, one may 
produce a paribifect natural plot of the formex
M4 = pex(lam(l,3)Jrinid(2,3,1,1)|{[1,2; 2,2],[2,2; 2,1]}
which represents the interconnection pattern of the frame. 
The supports may be represented by the ingots
K4 = rin(2,3,1)J[1,2], 
K5 = rin(l,3,1)|[2,1]
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and
K6 = rin(2,3,1)[[5,2].
Then, paribifect plots of the ingots K4, K5 and K6 may be 
produced using the subroutine T3, mentioned above, through 
the USE-items
TENON(T3,2,6,-45),
TEN0N(T3,1,6,0)
TEN0N(T3,3,6,45), 
respectively.
Figures 4.4.6, 4.4.7 and 4.4.8 show three examples of formex 
plots produced using three different retrocords, where the 
tenons in Fig 4.4.6 are shown as little rectangles, the 
tenons in Fig 4.4.7 are shown as little solid rectangles and 
the tenons in Fig 4.4.8 are produced using the subroutine T2, 
mentioned earlier.
4.5 USE OF USER'S DEFINED FRONDS
A user's defined frond may be selected through a USE-item of 
the form
FROND(Fi,PI,P2, ... ,Pn)
and
where
FROND
Fi
stands for user's defined frond, 
is the name of a procedure which dictates 
the characterestics of the selected 
user's defined retrocord
and
PI, P2 Pn are parameters given as floatal 
expressions. The number of these 
parameters is arbitrary but in the Surrey
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implementation of Formian this number is 
limited to 99.
In the Surrey implementation of Formian, users are given 
access to a file called FROND. There are ten subroutines in 
this file. These subroutines are of an identical format, and 
can be used to dictate characteristics of user's defined
fronds. The name of each of these subroutines starts with 
the character F followed by a digit. For example, the 
subroutine F6 has the following format :
SUBROUTINE F6
C0MM0N/NEW6/FPARA(99),B(120),NPLX,IORD
RETURN
END
where
FPARA is the name of a one dimensional array in which
the values of parameters P1,P2, ... ,Pn are
stored,
B is the name of a one dimensional array in which
the x, y and z coordinates, with respect to the 
device coordinate system, of the pivots of the 
frond are stored,
NPLX is an integer expression whose value is the
plexitude of the cantle related to the frond
and
IORD is an integer expression whose value is the
orderate of the related cantle.
When a user's defined picture retrocord is selected and a 
graphic device has been instructed to display a picture of an 
object according to the instructions given in the relevant 
subroutine, related to the user's defined picture retrocords, 
the instructions included in the relevant subroutine will be 
applied on the relevant formex plot in a piecewise fashion. 
That is, the relevant subroutine recieves the data related to 
all the fronds of the plot, one frond at a time. This data
consists of the orderate of the cantle relating to the 
current frond in the current plot, the plexitude of the 
cantle relating to the current frond and the x, y and z 
coordinates, with respect to the device coordinate system, of 
the pivots.
Plotting instructions are assumed to be contained in every 
subroutine related to a user's defined retrocord, as 
explained in the previous Section.
The set of retrocords which gives rise to the natural 
plotting style that is implemented in the Surrey
implementation of Formian includes a retrocord which may be 
described as follows :
The frond of an m-plex cantle, where m>l is obtained by 
using straight lines to connect the pivots relating to 
its signets in a sequential manner and, in addition, 
if m>2 then the pivots relating to the first and the 
last signets are connected by a straight line.
The above retrocord means that a single straight line is 
required to connect the two pivots related to the two signets 
of a 2-plex cantle, and m straight lines are required to 
connect the m pivots related to the m signets of an m-plex 
cantle, where m>2. In the Surrey implementation of Formian, 
such lines are treated as m independent lines. That is, each 
line is viewed, projected and displayed independently. For 
example, the 4-plex cantle
D1 = [0,0; 1,0; 1,1; 0,1]
will have a plot which will be identical to that of the 
formex
D2 = {[0,0? 1,0],[1,0? 1,1],[1,1? 0,1],[0,1? 0,0]}.
Hence, in a procedure related to a user's defined frond, a 
consideration should be given to this division of the shape 
related to a cantle of a plexitude higher than 2, into a 
number of straight lines depending on the plexitude. 
Therefore, considering the above cantle Dl, a user may define 
such a cantle by giving its 8 uniples but at the displaying 
stage the number of the coordinates related to these uniples 
will become 24 coordinates* These are the x, y and z 
coordinates of the two end points of each of the four line 
segments that connect the 4 pivots of the frond.
Certain applications require that the pivots related to the 
last and the first signets of an m-plex cantle, where m>2, 
are not connected. In such a case, the object related to 
such a cantle is considered as a formex plot which consists 
of m line segments connecting the pivots related to the m 
signets of the cantle, then the object is viewed and 
projected accordingly. At the displaying stage a user's 
defined retrocord will be applied if selected. Such a user's 
defined retrocord may be used in instructing the current 
graphic device to draw (m-1) line segments of the picture 
related to the first (m-1) line segments of the object. For 
example, let it be assumed that such a user's defined 
retrocord is dictated by a subroutine written by the user and 
has been entered as the subroutine FI in the file FROND, 
mentioned above. Such a subroutine may take the form
SUBROUTINE FI
COMMON/NEW6/FPARA(100),B(120),NPLX,IORD 
. IF(NPLX.GT.2)THEN
11=(NPLX-1)*6 
DO 10 1=1,11,6 
10 CALL DLINE(B(I),B(1+1),B(1+3),B(1+4))
END IF
RETURN
END
where
DLINE is the name of a subroutine which can
be used in drawing straight lines,
B(l) and B(l+1) are floatal expressions whose values
are the x and y coordinates, 
respectively, of the first pivot of 
the line segment, with respect to the 
device coordinate system
and
B(I+3) and B(l+4) are floatal expressions whose values
are the x and y coordinates,
respectively, of the second pivot of
the line segment, with respect to 
the device coordinate system.
As an example of the use of the subroutine FI, mentioned 
above, consider the formex
El = rinid(3,2,5,3)([1,1; 5,1; 5,2; 4,2; 3,3; 2,2; 1,2],
and let it be required to produce two different plots of this 
formex. A set of retrocords relating to the natural plotting 
style should be employed in producing the first plot. In the 
case of the second plot, the same set of retrocords should be 
followed with the exception that the pivots relating to the 
last and the first signets of every cantle of the formex El 
are not connected. The required plots are shown in Figs
4.5.1 and 4.5.2. The plot shown in Fig 4.5.1 may be produced 
through the set of retrocords which are implemented in the 
Surrey implementation of Formian and the plot of Fig 4.5.2
may be produced through the USE -item
FROND(FI).
As an example of the use of parameters associated with a 
USE-item related to a user's defined frond, let it be assumed
that it is required to produce plots of the formices
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W1 a [1,5 y 4,5]#
W2 = [1,2; 2,1; 3,1; 4,2; 3,3; 2,3],
W3 = tran(l,5)|W1
and
W4 = tran(1,5)(W2.
The plots of the formices W1 and W2 should be produced in 
accordance with the natural plotting style and the plots of 
the formices W3 and W4 should be produced in accordance with 
the following retrocord :
The frond of an m-plex cantle, where m>l, is obtained by 
using little circles that correspond to its signets with 
straight line(s) joining these circles in a sequential 
manner, in addition, if m>2 then circles relating to the 
first and last signets are connected by a straight line.
The required natural plots may be produced in the usual way 
and the other plots may be produced through the USE-item
FROND(F2,PI)
where
F2 is the name of a subroutine which dictates the 
characteristics of the required retrocord
and
PI is a floatal expression which represents the 
required diameter of the circle related to each 
pivot of the plot.
The subroutine F2 should be designed so that the length of 
each line segment of every frond should be reduced by PI 
millimetres (Pl/2 from each end) and circles each of PI 
millimetres diameter to be drawn centred at each pivot 
related to every signet of every cantle. The required plots 
are shown in Fig 4.5.3.
Figures 4.5.4 and 4.5.5 show two examples of formex plots 
produced using the subroutine F2, where Fig 4.5.4 was 
produced through the USE-item
FROND(F2,1.4) 
and Fig 4.5.5 was produced through the USE-item
FROND(F2,1.0).
As an example of the use of user's defined fronds, consider 
the formices
Q1 = [1,5; 7,5],
Q2 = [1,3; 7,3]
and
Q3 = [1,1; 7,1].
Plots of these formices are shown in Fig 4.5.6. Each of
these plots is produced using a different retrocord.
Furthermore, let it be assumed that the retrocords employed 
in producing these three plots are classified into three 
types. Type 1 to indicate a retrocord related to the plot of 
the formex Ql, type 2 to indicate a retrocord related to the 
plot of the formex Q2 and type 3 to indicate a retrocord 
related to the plot of the formex Q3. A subroutine which 
dictates the description of these retrocords may be written, 
and the type of the required retrocord may be selected 
according to the application. For example, assuming that 
such a subroutine has been written, and the retrocord type 
may be selected according to the value of the parameter PI
associated with a USE-item related to a user's defined
retrocord, one may produce the formex plot shown in Fig 
4.5.7, by selecting a retrocord of the first type for the 
formex
Q4 = [5,1; 5,3],
o 
© 
© 
© 
©
Fig 1.5-.1
Fig 1.5.5
a retrocord of the second type for the formices
Q5 = [1,1; 5,1]
and
Q6 = [5,3? 1,3] 
and a retrocord of the third type for the formex
Q7 = [1,3? 1,1].
The plot shown in this figure may be regarded as a plan view 
of a reinforced concrete slab which has one free edge, two 
simply supported edges and one totally fixed edge.
As a second example of the use of user's defined retrocords, 
let it be assumed that it is required to use arrows in 
indicating that members of a pin jointed structure are either 
in compression or in tension. The usual procedure is to draw 
two opposite arrows on each member of a figure representing 
the structure. The directions of the arrows depend on 
whether the member is in compression or in tension. Hence, 
one may write a subroutine through which retrocords related 
to drawing the members together with their associated arrows 
may be employed. The selection of the direction of the arrow 
may depend on the value of the parameter PI associated with a 
USE-item relevant to a user's defined frond. For example, 
let it be assumed that such a subroutine has been written and 
this subroutine is called F5. A retrocord which gives rise 
to the plot of the formex
B1 = [1,1? 5,5], 
shown in Fig 4.5.8, may be chosen through the USE-item
FROND(F5,1)
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and a retrocord which gives rise to the plot of the formex 
B2 = [3,1? 7,5], 
shown in Fig 4.5.8, may be chosen through the USE-item 
FROND(F5,2).
As an example of the use of subroutine F5, consider the pin 
jointed structure of Fig 4.5.9 and let it be required to 
produce another figure in which the members in tension are 
distinguished from those in compression resulting from the 
applied loads shown in the figure. The required figure is 
shown as Fig 4.5.10.
As a further example of the use of user's defined fronds, let 
it be assumed that a subroutine called F7 has been written 
and entered in the file FROND. This subroutine may Instruct 
the current graphic device to draw fronds related to cantles 
of the second plexitude as zigzaged lines. The size of the 
steps of the zigzaged lines depends on the dimension H, 
indicated in Fig 4.5.11, which may be passed to the 
subroutine through the parameter PI associated with a 
USE-item related to user's defined fronds. This figure 
contains four formex plots produced using the indicated 
retrocord. Figures 4.5.12 and 4.5.13 show two examples of 
the use of such a retrocord. These figures may represent 
reinforced concrete slabs, simply supported at the edges and 
the retrocord which produces zigzaged lines is employed in 
showing the lines along which each slab may yield under a 
uniformally distributed load.
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4.6 USE OF RETROCORDS IN HIDDEN LINE 
AND HIDDEN SURFACE ALGORITHMS
Consider the 2-plex formex
HI = rinit(10,10,1,1)j{[10,0,0; 10,1,0],
[10,1,0; 10,1,1],[10,1,1; 10,0,1],[10,0,1; 10,0,0]} 
andNthe 4-plex formex
H2 = rinit(10,10,l,l)|[10,0,0; 10,1,0; 10,1,1; 10,0,1]
and let it be assumed that it is required to produce a view 
of a natural plot of each of these formices with respect to a 
basispherical retronorm with the basifactors
bl = 1 unit of length,
b2 = 36 degrees
and
b3 = 8 degrees.
In such a case, both formices will give rise to the picture 
shown in Fig 4.6.1.
Figure 4.6.1 may be acceptable in the case of the formex HI, 
since one expects an object consisting of line elements, but 
the same figure may not be acceptable in the case of the 
formex H2. This is due to the lack of solidity in the 
figure. In other words, one expect a picture of a solid 
object consisting of quadrilateral surface elements in the 
case of formex H2. In the case of producing pictures of 
solid objects, the facets at the front of the plot will 
obviously restrict the viewing of the facets at the back. 
That is, when two or more fronds of the picture overlap, then 
the frond nearer to the view point should restrict the 
viewing of the other frond(s), and these fronds will be 
assumed either fully or partially unseen. Furthermore,the 
material and the colour of the facets at the front have an 
effect on the viewing of the facets at the back. Hence, in
cases similar to the case of producing the plot related to 
the formex H2, one needs an algorithm to consider whether to 
eliminate or to modify the shape of a frond whose view is
restricted by other frond(s). Such an algorithm is referred 
to as either a "hidden line algorithm" or a "hidden surface 
algorithm" depending on the consititution of the frond.
A great deal of effort and ingenuity has been applied to
solve the hidden line and hidden surface problems. The 
result is a sizebable collection of algorithms. Most of the 
available algorithms suffer from a disadvantage that they 
require a great deal of computing time and storage. Angell, 
1.0. and Jones, B.J. (29) introduced a simple hidden 
surface algorithm for an object forming a single closed 
convex body. This algorithm does not overcome the problem of 
the hidden surfaces completely but it can give good results 
for many simple cases. The algorithm is partially adopted by
the author of this work to show how a procedure related to a
user's defined retrocord may be used in implementing either a 
hidden surface or a hidden line algorithm. The same approach 
may be adopted by a Formian user in order to implement a more 
sophisticated hidden line or hidden surface algorithm.
In order to explain the adopted algorithm, let it be assumed 
that an object has been constructed using a formex of a 
plexitude higher than 2. Each cantle of such a formex may be 
considered as a formex representation of a plane element of a 
finite element mesh. Depending on the order of appearance of 
its signets, such a cantle may give rise to a finite element 
which is numbered in either clockwise or anticlockwise 
oriantation. For example, the rectangular finite elements 
shown in Figs 4.6.2 and 4.6.3 may be represented by the 
formices
H3 = [1,1; 3,1; 3,2? 1,2]
and
H4 = [1,1? 1,2? 3,2? 3,1],
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respectively.
Now, let it be assumed that the formex representing an object 
consists of a number of cantles, each canle represents a 
plane element of, a finite element mesh. Furthermore, let it 
be assumed that the order of appearance of the signets in 
each cantle is chosen so that the cantles will give rise to 
finite elements each of which is numbered in an anticlockwise 
oriantation. Let it be assumed that this object has been 
viewed and projected. Taking the data related to each 
projected frond in the same order that their relevant signets 
appear in the related cantle, such elements may give rise to 
elements numbered either in a clockwise oriantation or in an 
anticlockwise oriantation.
Assuming that the object gives rise to a single closed convex 
body, one can say that the viewing of each projected frond 
that gives rise to an element numbered in an anticlockwise 
oriantation is not restricted by any other element(s). This 
is true provided that the view point is laying out of the 
body and not inside it. On the other hand, if an element has 
changed its oriantation during the projecting process then it 
will be assumed that the viewing of such an element is 
restricted by other element(s). Such an element needs to be 
either eliminated or modified by eliminating only the unseen 
part(s) of it. In the adopted method, the element is 
eliminated as a whole without any modifications.
From the description given above of the adopted simple hidden 
surface algorithm, one can notice that a hidden surface 
algorithm affects the picture only without affecting the 
object itself. Hence, a hidden surface algorithm and 
similarly, a hidden line algorithm may be considered as a 
picture retrocord. This indicates that, one can write a 
procedure related to a user's defined frond to implement such 
an algorithm.
In order to implement the simple algorithm, described above, 
a procedure related to a user's defined frond has been 
written and tested for a number of cases. Three of these 
cases are given as examples in this Section, and this 
procedure is used in producing many of the plots related to 
solid objects given as examples for various concepts in this 
work. This procedure takes the x, y and z coordinates, with 
respect to the device coordinate system, of every pivot 
related to every signet of each cantle, and checks whether 
the graphical representation of such a cantle will give rise 
to a finite element numbered in an anticlockwise oriantation. 
The plotting instructions are designed so that only those 
graphical represetations of cantles which give rise to finite 
elements numbered in a clockwise oriantation are plotted.
For example, the required view of the basispherical natural 
plot of the formex H2, is shown in Fig 4.6.4 where the hidden 
surfaces are not shown. These hidden surfaces are eliminated
using the procedure that is mentioned above.
As a second example of the use of the procedure, mentioned 
above, let it be assumed that it is required to produce two 
identical views of a natural plot of the formex
D5 = rinit(10,20,1,1)|{[10,0,1; 10,0,2; 10,1,1],
[10,1,1; 10,0,2; 10,1,2]}
with respect to a basispherical retronorm with the 
basifactors
bl = 1 unit of length,
b2 = 36 degrees
and
b3 = 15 degrees.
The first view should be produced without using the procedure
related to the user's defined retrocord, mentioned above, and

the second view should be produced using this procedure. The 
required first and second views are shown in Figs 4.6.5 and 
4.6.6, respectively.
Figure 4.6.7 shows another example where the procedure 
related to the user's defined retrocord, mentioned above, is 
used in eliminating the hidden surfaces. Figure 4.6.8 shows 
a view of the same plot without eliminating the hidden 
surfaces.

Fig 4.6.7
Fig 4.6.8
5STANDARD RETROCORDS IN  FORHIAN
5.1 INTRODUCTION
It was mentioned in the previous Chapter that every 
implementation of Formian should include sets of retrocords 
according to which tenons and fronds of formex plots may be 
graphically represented. Such retrocords are referred to as 
"standard retrocords".
Standard retrocords which are included in the Surrey 
implementation of Formian are introduced in the present
Chapter.
5.2 SELECTING A GRAPHIC DEVICE
It was mentioned in-Chapter 3 that pictures of formex plots 
may be displayed on an output medium of a peripheral graphic 
device. A graphic device is a device such as a graphic VDU 
or a plotter. Each device may be identified by an
identification number and such a device may be selected by 
specifying this identification number through a USE-item of 
the form
DEV(i)
where
DEV stands for device
and
i is an integer expression whose value is the
selected device identification number*
For example, assuming that a graphic VDU is identified as 
device number 1, and a plotter is identified as device number 
.2, then the VDU may be selected to be current through the 
statement
USE DEV(1)
and the plotter may be selected through the statement 
USE DEV(2).
Every implementation of Formian should have a list of graphic 
devices from which the user may select an appropriate device 
on which pictures of formex plots may be displayed. The list 
of graphic devices in the Surrey implementation of Formian 
includes a Tektronics 4014 graphic VDU, a computer terminal 
VDU, a Sigma GOC5250 graphic VDU , a BBC monitor and a 
Calcomp plotter. Each of these devices is identified through 
their identification numbers as given in the following table•
Device Name Device Number
Tektronics 4014 1
Calcomp plotter 2
Computer terminal 3
Sigma GOC5250 VDU 4
BBC monitor 5
5.3 SELECTING A DRAWING PEN
Plotters are normally provided with a facility to draw
pictures using more than one pen. This enables users to
produce drawings using different colours, line thicknesses or 
type of ink. Pens are normally arranged in a manner so that 
each pen can be identified by selecting an identification 
number which may represent the sequential position of such a 
pen in a row of pens.
Formian users may select a drawing pen through a USE-item of 
the form
PEN(i) 
where
i is an integer expression whose value is the
identification number of the selected pen.
The default value for i is one.
For example, in order to draw the four squares of Fig 5.3.1, 
one may put a pen which draws lines of 0.25 mm thickness in 
position number 1, a pen which draws lines of 0.35 mm
thickness in position number 2, a pen which draws lines of 
0.5 mm thickness in position number 3 and a pen which draws
lines of 0.7 mm thickness in position number 4, then each
square may be drawn using a selected pen. The pens are 
selected in an ascending order starting from PEN(l) for the
smallest square to PEN(4) for the biggest square.
Figure 5.3.2 shows a plan view of a structural configuration 
where two pens of different thicknesses are used in drawing 
this figure to indicate that the structure consists of 
elements of different cross-sections.
Fig 5.3.1
Fig 5.3.2
5.4 USE OP LINE STYLE RETROCORD
A line style is a picture retrocord which may be selected 
through a USE-item o£ the form
LS([PT1,PT2],PC1,PC2, ... ,PCn)
where
LS stands for line style,
PT1 and PT2 are parameters related to the
thickness of the line. PT1 is given 
as a positive integer expression and 
PT2 is given as a positive floatal
expression. If PT1 and PT2 are not
given then they are taken to be 1
and 0, respectively
and
PC1,PC2, ... ,PCn are parameters related to the
composition of the line and they are 
given as floatal expressions. The 
number of these parameters is 
arbitrary but in the Surrey
implemetation of Formian this number 
is limited to a maximum of 20.
The parameters related to the thickness of the line may be
interpreted as follows :
1)The value of the parameter PT1 represents the number 
of line segments which are required in connecting the pivots 
related to two signets of a cantle.
2)The value of the parameter PT2 relates to the spacing 
in millimetres between each two adjacent line segments which 
are connecting the two pivots. The lines are positioned 
symetrically about an imaginary straight line connecting the 
two pivots.
The parameters related to the composition of the line may be 
interpreted as follows :
1)A parameter whose value is a positive number relates to a
straight line of a length equals to the value of the
parameter in millimetres.
2)A parameter whose value is a negative number relates to 
a gap of a length equals to the value of the parameter in 
millimetres.
3)A parameter whose value is zero has no effect.
In order to explain the effect of the parameters related to
the thickness of the line, consider the plots of the formices
El = [1,1; 11,1],
E2 = [2,2? 10,2],
E3 = [3,3? 9,3],
E4 = [4,4; 8,4]
and
E5 = [5,5? 7,5]
shown in Fig 5.4.1. The line styles associated with the
plots of the formices E1-E5 are selected through the
USE-items
LS(1,0,1),
LS (2,1.2,1')-,
LS(3,0.8,1],
LS(6,0.6,1)
and
LS(11,0.25,1),
respectively. Furthermore, in order to explain the effect of 
varying the parameters related to the composition of the 
line, consider the four line segments connecting the points i 
and j of Fig 5.4.2. Starting from the left, the first, 
second, third and fourth line may be selected through the 
USE-items
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LS(1,0,3,-2),
LS(1,0,1,-1)
and
LS(1,0,3,-1,1,-1), 
respectively.
In order to illustrate the effect of a USE-item related to a 
line style on the shape of pictures of formex plots, let it 
be required to reproduce the picture of Fig 5.4.3 using a 
line style selected by the USE-item
LS(1,0,2,-1,1,-1).
Such a picture is shown in Fig 5.4.4. Each line segment that 
connects two pivots relating to two signets of a cantle is 
drawn as follows :
(1)Starting from the pivot relating to the first signet, 
draw a line of 2 mm length, followed by a gap of 1 mm length, 
followed by a line of 1 mm length and then followed by a gap 
of 1 mm length.
(2)Repeat step 1 until the pivot relating to the second 
signet is reached.
Figures 5.4.5-5.4.9 show 5 different pictures produced using 
5 different line styles. The USE-items used in producing 
these pictures are :
LS(1,0,1,-1),
LS(1,0,3,-1),
LS(1,0,1,-2,2,-1),
LS (1, 0, 4, -1)
and
LS(1,0,4,-1,1,-1),
respectively.
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When a continuous line is required, one may use a USE-item 
with a single positive parameter for the composition of the 
line. For example, each of the USE-items
LS(1,0,1) ,
LS(1,0,5)
and
LS(1,0,3.4)
represents a single continuous straight line, and every one 
of the USE-items
LS(2,0.5,1),
LS(2,0.5,5)
and
LS (2, 0. 5, 3 .4)
represents two continuous straight lines, parallel to each 
other.
The line style that is selected by default is a single 
continuous straight line.
Zygmunt plots of formices may be produced using different 
line styles. For example, consider the formices
T = LIB(j=0,3)[LIB(i= j,3)|tranid(2i—j,2j)j E 
where
E =  {[1,1,1; 3,1,2],[3,1,2; 2,3,2],[2,3,2; 1,1,2]},
D = LIB(j=0,3)|LIB(i=j,3)]tranid(2i-j,2j)|K 
where
K = {[1,1,2; 2,2,1],[3,1,2; 2,2,1],[2,3,2; 2,2,1]},
B = LIB(j=0,2)]LIB(i=j,2)]tranid(2i-j,2j )(G
where
G =  {[2,2,1? 4,2,1],[4,2,1; 3,4,1],[3,4,1? 2,2,1]}
and
A = T # D # B
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and let it be required to display a natural and a Zygmunt 
plot of the formex A. The required plots are shown in Figs 
5.4.10 and 5.4.11, respectively.
Zygmunt plotting style requires that different layers should 
be drawn in different line styles. Hence, in Fig 5.3.11, the 
pictures related to the plots of the formices T,D and B which 
represent the top layer, bracing members and the bottom layer 
of the plot, respectively, may be drawn using three different 
line styles as follows :
LS(1,0,1) for T,
LS(1,0,3,-1) for D
and
LS(1,0,0.3,-1) for B.
Another example of the use of the line style retrocord in 
producing Zygmunt plots is illustrated in Fig 5.4.12 where a 
Zygmunt plot of the formex
F = T1 # D1 # B1 
where
T1 = pex(rinid(3,2,4,4)(rosid(4,4)|
{[2,2,2; 4,2,2],[4,2,2? 6,2,2]}, 
D1 = pex(rinid(3,2,4,4)|rosid(4,4)(lam(1,3)(
ros id(2,2)|{[1,1,1; 2,2,2]}
and
B1 = pex(rinid(3,2,4,4)|rosid(4,4)|lam(1,3)[
rosid(2,2)J{[1,1,1; 3,1,1]}
is shown. The formices Tl, D1 and B1 represent the top 
layer, the bracing members and the bottom layer of the plot, 
respectively, and their relevant line styles are selected 
through the USE-items
LS(5,0.25,1) ,
ilvJO
LS (3, 0. 25, 3, -1)
and
LS(1,0,0.3,-1), 
respectively.
The line style retrocord may be used in structural 
engineering drawings to indicate members of different types, 
dimensions or carrying different stresses. For instance, the 
configuration shown in Fig 5.4.13 is drawn in 3 different 
line styles to indicate that the configuration consists of 
members of 3 different cross-sections. The formex 
representing members of the first type may be written as
61 = rinid(10,2,2,12)|[0,0; 2,0] #
rinid(2, 6, 20, 2) J [ 0,0; 0,2],
members of the second type may be represented by the formex
G2 = pexjrinid(9,5,2,2)|rosid(2,2)|[0,2; 2,2]
and members of the third type may be represented by the 
formex
G3 = rinid(10,6,2,2)jrosid(l,1)j[0,0? 1,1].
The line style specifications used in producing the plots of 
the formices G1, G2 and G3 are
LS(5,0.25,1),
LS(2,0.25,4,-1)
and
LS(1,0,0.3,-1), 
respectively.
Figure 5.4.14 shows another example of the use of the line
Fig 5.1.11
style retrocord in indicating members of different 
cross-sections, where a formex plot representing a single 
layer grid is shown. Two different line styles are selected. 
The first line style relates to the diagonal members and the 
second line style relates to the boundary members.
There exist a set of three line styles which are frequently 
used more than any other line style. These three line styles 
are considered as standard line styles. They take the form 
of the following three USE-items :
LS i,
LS2
and
LS3,
where the effects of these USE-items are identical to the 
effect of the following USE-items
LS (1,0,1),
LS(1,0,3,-1)
and
LS (1,0,0.3,-1), 
respectively.
5.5 USE OF ARROWS
Certain applications require the use of arrows in indicating 
the order of appearance of tenons in fronds of a formex plot. 
This can be achieved by specifying that such arrows should be 
placed at a selected point of every line segment which 
connects every two consequetive tenons. In addition to the 
arrow position, the height and the length of such an arrow 
should be specified, as will be explained in the sequel. 
Arrows are placed on the picture and not on the object.
Hence, arrow retrocord is a picture retrocord.
In the Surrey implementation of Formian, arrows are not 
selected by default. Therefore, there are no default values 
for the position, height or length of such arrows. The user 
may select arrows of different positions and dimensions 
through a USE-item of the form
ARROW(RP,H,LI) 
where
ARROW stands for arrow,
RP is a floatal expression whose value is a
number between 0 and 1 representing the 
relative position of the arrow along the line 
segment of the picture
and
H and LI are floatal expressions whose values are
positive numbers representing the height and 
the length of the arrow in millimetres,
respectively.
Figure 5.5.1 shows a typical line'segment with an arrow. The 
length of the line segment is L2 millimetres. The position 
of the arrow along the line segment is determined as the 
distance between the end i of the line segment and the 
arrow's finishing end. This distance is equal to P 
millimetres. The height and the length of the arrow are H 
and LI millimetres, respectively, as indicated in the figure. 
The ratio of P to L2 is referred to as the "relative position 
of the arrow".
As an example of the use of the arrow retrocord, consider the 
formex
R1 = rinid(5,3,4,4)|rosid(3,3)]
{[2,2; 3,1],[3,1; 4,2],[4,2; 2,2]],
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and let it be required to produce a paribifect natural plot 
without arrows and a paribifect natural plot with arrows of 
this formex. The required plots are shown in Figs 5.5.2 and
5.5.3 where the arrow retrocord used in producing Fig 5.5.3 
is selected through the USE-item
ARROW(0.5,2,3).
Many structural engineering applications may be found for the 
arrow retrocord. For example, arrows may be used in 
indicating load directions and support conditions. Each one 
of the Figs 5.5.4, 5.5.5 and 5.5.6 shows a view of a■ i
structural configuration where an arrow retrocord is used in 
indicating either load directions or supporting conditions. 
Figure 5.5.4 shows a simply supported pin jointed structure 
carrying three point loads. The arrows related to the 
supports and the loads are selected through the USE-items
ARROW(0.9,2,3)
and
ARROW(0.9,1,2),
respectively. Figure 5.5.5 shows a perspective view of a 
double layer grid carrying four point loads. The loads are 
indicated using a combination of the arrow and the line style 
retrocords. Figure 5.5.6 shows a pin jointed structure 
carrying three vertical and one horizontal point loads. The 
loads are represented using different arrows and line styles 
to indicate that these loads are of different magnitudes.
5.6 USE OF DOT RETROCORD
In the natural plotting style description which was given in 
the previous Chapter, one finds that there is no special 
symbol for a tenon except when the tenon represents a cantle, 
in which case it is drawn as a little solid circle.
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In Formian, a tenon which represents a cantle is drawn as a 
dot. The diameter of the dot is to be specified by the user. 
The dot retrocord is a picture retrocord. Hence, such a 
retrocord takes effect at the displaying stage of the 
picture.
The diameter of a dot representing a tenon which represents a 
cantle may be selected through a USE-item of the form
DOT(d) 
where
d is a floatal expression whose value is a positive
number representing the diameter of the dot in 
millimetres.
The defualt value for the diameter of the dot retrocord is 1 
millimetre.
As an example of the use of the dot retrocord, consider the 
ingot
D1 = LIB(j=l,8 )|LIB(i=j,8 )|tranid(2i,2j)|[1,1]
and let it be required to produce a paribifect natural plot 
of this ingot. Such a plot is shown in Fig 5.6.1 where the 
diameter of the dots is chosen to be equal to 2 millimetres.
As a second example, let it be required to produce a natural 
plot of the ingot
D2 = rinid(3,9,2,2)|[3,1]
with respect to a basipolar retronorm with basifactors in the 
first and the second directions of the retronorm equal to 1 
unit of length and 18 degrees, respectively. The diameter of 
the dots is to be 3.millimetres. The required plot is shown 
in Fig 5.6.2 where the diameter of the dots is selected
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through a USE-item of the form
d o t (3).
One of the practical applications in structural engineering 
of the dot retrocord is to indicate nodes of a structure. 
For example, Fig 5.6.3 shows a plan view of a structural 
configuration where the joints are shown as dots of 1 mm 
diameter.
Other practical applications of the dot retrocord in 
structural engineering include the indication of loaded 
joints and supporting conditions. For example, each of the 
Figs 5.6.4 and 5.6.5 shows a structural configuration where 
loaded joints are indicated using little solid circles. The 
loaded joints of Fig 5.6.4 are drawn in accordance with the 
USE-item
DOT(3)
and the loaded joints of Fig 5.6.5 are drawn in accordance 
with the USE-item
DOT(5).
The fact that the diameter of a dot retrocord may be selected 
according to the application makes it possible to indicate 
which nodes of a structure are carrying similar amount of 
load. For example, the picture shown in Fig 5.6.6 shows a 
structural configuration carrying 8 point loads. Each four 
of these point loads are of a similar magnitude. This is 
achieved by selecting a similar diameter for the dots which 
represent joints carrying similar amount of load.
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5.7 USE OF CIRCLE RETROCORD
A circle retrocord is a picture retrocord which has almost 
the same specifications and applications as the dot 
retrocord. The only difference between the dot and the 
circle retrocords is that by selecting the dot retrocord, 
tenons which represent cantles are drawn as solid circles 
while by selecting the circle retrocord such tenons are 
represented by hollow circles. The diameter of such circles 
is specified by the user.
A circle retrocord with an appropraite circle diameter may be 
selected through a USE-item of the form
CIRCLE(d) 
where
d Is a floatal expression whose value is a
positive number representing the diameter of the 
circle in millimetres.
Due to the similar nature and applications of the dot and the 
circle retrocords, either the dot or the circle retrocord may 
be current at a time, and as it was mentioned earlier, a dot 
retrocord with a dot diameter of 1 mm is current by default. 
Hence, there is no default value for the diameter of the 
circle.
An example of the use of the circle retrocord is shown in Fig 
5.7.1 where the USE-item
CIRCLE(2)
is used in producing a paribifect natural plot of the ingot
Cl = rosid(3,3)[LIB(j=l,10)|
LIB(i=j,10)]tranid(i,j)j[3, 3] .
Since both the dot and the circle retrocords are used in 
order to draw tenons which represent cantles, then it is 
possible to use combinations of the dot and the circle 
retrocords. For example, Fig 5.7.2 shows paribifect natural 
plots of the ingots
C2 = pex|lam(1,9)]LIB(j=0,5)|LIB(i=j,5)]
tranid(2 i,2 j)][2 ,2 ]
and
C3 = pex(lam(l,9)]LIB(j=0,6 )|LIB(i=j,6 )]
tranid(2 i,2 j)|[1 ,1 ]
where the USE-item 
DOT(1)
is used in drawing the tenons related to the ingot C2 and the 
USE-item
CIRCLE(4)
is used in drawing the tenons related to the ingot C3.
It was mentioned above that, the circle retrocord has similar 
applications to that of the dot retrocord. This means that 
it is possible to use the circle retrocord in displaying 
plots of ingots to indicate joints, loaded points, node types 
and support conditions of a structural configuration, as 
explained in the previous Section. For example, each of the 
Figs 5.7.3 and 5.7.4 shows a plan view of a structural 
configuration where the joints of these structures are 
indicated using circles. The circles in Fig 5.7.3 are 
selected through the USE-item
CIRCLE(3)
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and the circles in Fig 5.7.4 are selected through the 
USE-item
CIRCLE(1).
A combination of the circle and dot retrocords may be used to 
indicate joints of different materials or in different layers 
of a multilayer structure. For example, Fig 5.7.5 shows a 
plan view of a double layer grid where different line styles 
are selected to represent members of different layers, a dot 
retrocord is selected to represent the joints in the bottom 
layer and a circle retrocord is selected to represent the 
joints in the top layer.
5.8 USE OF NUMBER STYLE
Certain applications require that an indication regarding the 
order of appearance of signets which represent cantles of a 
formex is required. Such an indication may be given by 
displaying a number which represents the sequential order of 
appearance of such signets in an ingot. For example, a plot 
of the ingot
N1 = pex|rinid(3,2,2,2)(rosid(2,2)([1, 2]
is shown in Fig 5.8.1 where a number indicating the 
sequential order of appearance of the relevant signet is 
shown together with the tenon relative to such a signet. The 
tenons are drawn in accordance with the dot retrocord 
specification
DOT(0.6).
The size of the characters and their positions relative to 
the relevant pivots are arbitrary and one may choose

Fig 5.7.5
character sizes and positions which suit the application. 
Formian users may select character sizes and positions 
through a USE-item of the form
NS(w,h,xf,yf) 
where
NS stands for number style,
w and h are floatal expressions whose values are
positive numbers representing the width and 
the height in millimetres of the character 
frame, respectively, as explained below
and
xf and yf are floatal expressions whose values are the 
x and y offsets from the relevant pivots in 
millimetres, respectively, as explained 
below.
Figure 5.8.2 shows a typical number drawn relative to a pivot 
whose coordinates are x and y, respectively, with respect to 
the x and y directions of a two dimensional Cartesian 
coordinae system. The character is assumed to be contained 
in a rectangular frame whose dimensions are w and h, as 
indicated in the figure. The length of the character is 
equal to h millimetres and its width is equal to two thirds 
of the width of the frame. The offset of the character from 
its corresponding pivot is determined as the distance between 
the centroid of a rectangle whose dimensions are 2w/3 and h, 
millimetres, respectively, and the pivot as shown in Fig 
5.8.2.
Only one of the dot retrocord, circle retrocord or number 
style retrocord may be current at a time. For example’, Fig
5.8.3 shows a plot of the ingot N1 given above where the 
tenons are drawn as circles of 10 mm diameter. The order of 
appearance of the tenons is indicated by numbers written 
inside each corresponding circle. This figure is produced in 
two stages. In the first stage, the plot of the ingot N1 is
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produced. The USE-item 
CIRCLE(10)
is used in producing the plot of this ingot. In the second 
stage, the numbers indicating the sequential order of
appearance of the tenons produced using the USE-item
NS(3,4/“2,0).
Many applications in structural engineering may be found for 
the number style retrocord. For example, the number style 
retrocord may be used in indicating node numbers or element 
numbers of structures. As an example, consider the formex
N2 =.rinid(3,2,2,2)jrosid(2,2)|[l,2; 2,1]
and let . it be assumed that this formex represents the 
interconnection pattern of a part of a single layer grid. A 
paribifect natural plot of the formex under consideration is 
shown in Fig 5.8.4. Furthermore, let the nodes of the grid
be numbered in accordance with the order of appearance of the 
related signets in the ingot N1 given above. The number 
style retrocord specification
(2,2,-1,4)
is used in producing the node numbers shown in the figure.
Examples of the possibilty of using the number style
retrocord in numbering elements of structural systems are 
shown in Figs 5.8.5 and 5.8.6, where Fig 5.8.5 shows a
paribifect natural plot of a formex which represents the 
interconnection pattern of a skeletal system and Fig 5.8.6 
shows a metribifect natural plot of a formex which represents 
a, finite element mesh. The formices used in producing Figs 
5.8.5 and 5.8.6 are
-£.0 I
Fig 5.8.1
N3 = rinid(4,4,2,2)|[l,l; 3,1] #
rinid(5,3,2,2)j[1,1; 1,3]
and
N4 = rinid(4,4,2,2)|[l,l; 3,1; 3,3; 1,3],
respectively. The numbers used in indicating the element 
numbers of the two figures are produced in accordance with 
the order of appearance of the signets in the ingots
N5 = rinid(4,4,2,2)j[2,l] # rinid(5,3,2,2)|[1,2]
and
N6 = rinid(4,4,2,2)J[2,2], 
respectively, where the number style retrocord specifications 
NS(2,2,2,2)
and
NS(2,2,0,0), 
are used, respectively.
Combinations of the line style, the dot and the number style 
retrocord may be used in producing figures showing normat 
points, normat lines and their corresponding identification 
numbers. For example, Fig 5.8.7 shows normat lines and their 
corresponding normat points of a bifect retronorm defined by 
the coordinate equations
x = 2*U1 + 0.4*U2
and
y = 0.3*U1 + 2*U2.
In addition, the x and y coordinates are indicated along the 
x and y axes. The normat points may be represented by the 
ingot
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N7 = rinid(5,5,1,1)j[1,1]
and the normat lines may be represented by the formex
N8 = rinid(7,7,1,1)j [ -1,1; 0,1] #
rinid(7,7,1,1)j[1,-1; 1,0].
The normat lines are drawn in accordance with the line style 
retrocord
LS(1,-1)
and the normat points are drawn in accordance with the dot 
retrocord
DOT(1) .
The identification numbers of the normat lines are produced 
using the number style retrocord specification
NS(2,2,0,0)
where the numbers along the first and the second directions 
of the retronorm indicate the order of appearance of the 
signets in the ingots
N9 = rin(1,5,1)j[l,—2]
and
N10 = rin(2,5,l)|[-2,l]/
respectively. The tenons of the plots of the two ingots N9 
and N10 are produced in accordance with the circle retrocord
CIRCLE(6 ).
The x and y axes of the figure are represented by a 
paribifect natural plot of the formex
Nil = {[0,0? 16,0],[0,0; 1,16]}
and their corresponding coordinates are drawn in accordance
with the number style retrocord specifications
NS (1. 5,1. 5, 0, -2 )
and
NS (1. 5,1. 5, -3, 0) ,
respectively, where the numbers shown in the figure indicate
the order of appearance of the signets in the ingots
N12 = rin(l,15,1)j[1,0]
and
N13 = rin(2,15,1) j[0,1].
Figure 5.8.8 shows another example Of a situation when a 
number style retrocord is used in indicating element
numbering sequence of a configuration. This figure shows a 
configuration consisting of 49 hexagonal elements. The
number style is selected through the USE-item
NS(2,2-1,0) .
5.9 USE OF MARGINATE NATURAL PLOTTING STYLE 
Consider the formices
Ml = pex|rinid(10,6 ,1,1)|rosid(3/2,3/2)([1,1; 2,1]
and
M2 = rinid(10,6 ,1,1)|[1,1; 2,1; 2,2; 1,2]
and let the first formex represent the interconnection 
pattern of a single layer grid and the second formex
represent a finite element mesh.
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Now/ if one produces natural plots of Ml and M2, one may 
achieve the plots shown in Figs 5.9.1 and 5.9.2, 
respectively. Looking at these figures, one finds that it is 
impossible to find out which of the two plots represents the 
single layer grid and which represents the finite element 
mesh.
The need to distinguish between plots that represent finite 
element meshes and plots that represent grids made it 
essential to develope a special natural plotting style
referred to as the "marginate natural plotting style". A 
plot produced using the marginate natural plotting style is 
referred to as a "marginate natural plot", which may be 
shortened as an "MN-plot".
The marginate natural plotting style follows generally the 
retrocords relevant to the natural plotting style except when 
a frond is related to a cantle of the second or higher 
plexitude, then :
(1) The frond related to a cantle of the second plexitude is 
obtained by using a straight line to connect the pivots 
relating to its two signets, where the length of the straight 
line is reduced by m/ 2 units of length from each end of the 
straight line, as indicated in Fig 5.9.3.
(2) The frond related to a third or higher plexitude cantle
which may represent a plane element of a finite element mesh 
is obtained using straight lines to connect the pivots 
relating to its signets in a sequential manner, and in 
addition, the pivots relating to the first and last signets 
are connected by a straight line. The area enclosed by such 
a frond is reduced by a margin of m/ 2 units of length along 
the circumfranee of the frond, and all the Straight lines
contained in the frond are shifted inwards to create a new
circumfranee for the frond, as indicated in Fig 5.9.4.
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For example, consider the two formices Ml and M2 given above, 
and let it be required to produce a paribifect marginate 
natural plot of each of these two formices with a margin of 4 
mm. Such plots are shown in Figs 5.9.3 and 5.9.4.
A marginate natural plotting style may be achieved through a 
USE-item of the form
MARGIN.(m)
where
MARGIN stands for marginate natural plotting style
and
m is a floatal expression whose value is a
non-negative number representing the margin in 
units of length.
A natural plot of a formex may be regarded as a marginate
natural plot with a margin equals to zero. Therefore, a
natural plot of a formex may alternatively be produced
through the USE-item
MARGIN(0).
For example, Fig 5.9.5 shows a paribifect marginate natural 
plot with arrows of the formex Ml with a margin of zero, or 
in other words, a paribifect natural plot with arrows of the 
formex Ml. The arrows are produced using the USE-item
ARROW(0.5,1,2).
In Fig 5.9.5 a natural plot with arrows of a second plexitude 
formex is shown and the same approach can be applied to 
formices of a higher plexitude. For example, Fig 5.9.6 shows 
a marginate natural plot with arrows of the formex M2. The 
margin equals to 2 mm and the arrows are selected through the 
USE-item
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ARROW(0.9,1,2).
Another example of the use of the marginate natural plotting 
style is shown in Fig 5.9.7 where a marginate natural plot 
with arrows of the formex Ml is produced with a margin of 6 
mm and the arrows are selected through the USE-item
ARROW(0.5,1,2).
A circle retrocord with a circle of 6 mm diameter is used in 
plotting the ingot
M3 = rinid(11,7,1,1)![1,1]
and the ni^ giri^ r style retrocord specification 
NS(2,2,-1,0)
is used to indicate the order of appearance of the signets in 
the ingot M3.
A point to be (emphesized^is that the retrocords relevant to a 
marginate naturaT^pl^should take effect at the construction 
stage of the object. Hence, they are object retrocords, but 
in the Surrey implementation of Formian, marginate natural 
plot retrocords take effect at the picture displaying stage. 
This is due to the fact that the picture is always of a two 
dimensional sense, while the object may be of a three 
dimensional sense.
Applying the retrocords related to the marginate natural 
plotting style at the picture displaying stage makes such 
retrocords to be picture retrocords, and the units of length 
used in specifying margins to be relevant to the device 
coordinate system. Hence, the units of length which are used 
in specifying margins in the Surey implementation of Formian 
are millimetres. For example, the USE-item
MARGIN(3)
means a marginate plotting style with a margin of 3 mm is to 
be selected.
To further illustrate the use of the marginate natural 
plotting style, consider the formices Ml and M2, given above 
and let it be required to produce natural plots and marginate 
natural plots of the formices
M4 = tranid(3,-1)j Ml
and
M5 = tranid(3,-1)|M2
with respect to a basipolar retronorm with basifactors equal 
to 0.4 units of length and 30 degrees relative to the first 
and the second directions of the retronorm, respectively. 
Figure 5.9.8 shows the required natural plot of M4 and Fig
5.9.9 shows the required natural plot of M5. The required 
MN-plots of M4 and M5 are shown in Figs 5.9.10 and 5.9.11, 
respectively. The margin used in producing the plots of Figs
5.9.10 and 5.9.11 equals to 2 mm.
As it was mentioned earlier, certain applications in 
structural engineering require that either the circle or the 
dot retrocords to be combined with the marginate natural 
plotting style to produce plots of formices and ingots to 
represent structural elements and joints. For example, Figs 
5.9.12 and 5.9.13 show MN-plots of the formices M4 and M5 
with a margin of 2 and 1 mm, respectively, with respect to 
the basipolar retronorm used above. In addition, a circle 
retrocord with a circle diameter of 2 mm and a dot retrocord 
with a dot diameter of 1 mm are used in plotting the ingot
M6 = tranid(3,-1)[M3
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to indicate the joints of the structure in the two figures# 
respectively.
As another example# consider the formex
M7 = rin(2,2,6)[ref(2,4)jrin(l,5,4)|M8 
where
M8 = [1,1; 5,1; 4,2; 5,3; 4,3; 3,4; 2,3; 1,3; 2,2]
and let it be required to produce natural plots and marginate 
natural plots of M7 with respect to a paribifect retronorm 
and a paripolar retronorm. Let the basifactor relative to 
the second direction of the paripolar retronorm be equal to 
12 degrees. The required plots are shown in Figs 
5.9.14-5.9.17. Figures 5.9.14 and 5.9.15 show the required 
natural plots with respect to a paribifect retronorm and the 
paripolar retronorm mentioned above, respectively. Figure 
5.9.16 shows a paribifect MN-plot with a margin of 3 mm of 
the formex M7 and Fig 5.9.17 shows an MN-plot of the same 
formex with a margin of 1 mm with respect to the paripolar 
retronorm mentioned above.
A more general combination of retrocords related to ingots 
with the marginate natural plotting style may include the 
marginate natural plotting style, the arrow, the circle, the 
dot and the number style retrocords. To give an example of 
such a combination, consider again the formices Ml and M3 and 
let Ml represent the interconnection pattern of a single 
layer grid and M3 represent the joints of the grid.
Furthermore, let it be required to produce a plot which
represents the grid under consideration showing the joint 
positions, the node numbers and the order of appearance of 
the nodes in each element. Plots satisfying such 
requirements may be achieved in three stages. In the first
stage, an MN-plot of the formex Ml may be produced and a dot 
retrocord may be used in indicating the joint positions of 
the grid under consideration. Such a plot is shown in Fig
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5*9*18 where a paribifect MN-plot with 1 rani raargin of the 
formex Ml is produced and a dot retrocord of 1 mm diameter is 
used in producing the paribifect plot of the ingot M3. In 
the second stage, one may add on the node numbers by using a 
numbers style retrocord. Figure 5.9.19 shows the plots of 
Fig 5.9.18 in addition to the node numbers implied by the 
sequence of appearance of the signets in'the ingot M3. The 
number style specification
(2 ,2 ,2 ,2 )
is used in producing this figure. In the third stage, one 
may indicate the order of the nodes in each element of the 
grid by using an arrow retrocord, as shown in Fig 5.9.20 
where the arrow specification
(0.5,1,5) 
is used.
Figures 5.9.21-5.9.24 show further examples of the use of the 
marginate natural plotting style. Figure 5.9.22 shows a 
marginate natural plot of a formex a natural plot of which is 
shown in Fig 5.9.21, and Fig 5.9.24 shows a marginate natural 
plot of a formex a natural plot of which is shown in Fig 
5.9.23.
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FORtlEX GRAPHICS IN  POSTPROCESSING
6.1 INTRODUCTION
In general, the structural analysis process may be divided 
into three distinctive stages. These are :
1 )Preprocessing stage,
2 )Processing stage
and
3)postprocessing stage.
Structural data is generated in the preprocessing stage. The 
structure is analysed in the processing stage and the results 
of the analysis are interpreted in the postprocessing stage.
In this Chapter, a brief introduction is given about the way 
that formex concepts can be used in preprocessing stages and 
new ideas are introduced as an approach for the formex 
concepts to be used in the postprocessing stage.
6.2 PREPROCESSING
Let it be assumed that one is designing a structure and this 
structure is to be analysed using a structural analysis 
program. Data required for such an analysis can be prepared 
using Formian, which is modelled on formex algebra. One 
needs to write formex formulations which represent the 
structure, the supporting conditions and the loading 
arrangement. Different formulations may be written to 
represent different layers of the structure, different 
cross-sections, different properties ... etc (as explained
in Chapters 4 & 5). Formex plots of such formices can be
produced using Formian graphics. Such plots may be viewed 
and displayed as explained in Chapter 3. At such a stage, 
one can make changes, if necessary, to the formex 
formulations either to represent the structure more 
efficiently or to suggest some changes to the layout of the 
structure itself.
A list of the coordinates of the nodel points, members 
connectivity list, support conditions and loaded points can 
be produced through Formian. Such data can be stored in a 
file and the material properties may be added later to such a 
file. Different analysis programs require different data 
organization. Therefore, although Formian can produce data 
arranged in various ways, it is found that it is better to 
adopt one standard method which can be followed, then one may 
write a small program that can rearrange the data in the 
manner required by the available analysis program.
6.3 PROCESSING
Having in hand the data for a certain structure, one can 
analyse such a strucure using many of the available methods 
of analysis. Linear, nonlinear and collapse behaviour of the 
structure may be considered. Analysis programs are assumed 
to be based on the finite element method of analysis.
The analysis process may be carried out using any of the 
methods mentioned above and the numerical results may be 
stored in a file. These results should be arranged in a way 
that they are compatible with the original formex generated 
by Formian. In case the available structural analysis 
program produces results which are not disposed in the 
required way,. it is always possible to rearrange such results 
using an extra program.
Examples of skeletal structures analysed using the standard 
stiffness method are given in this Chapter.
6.4 POSTPROCESSING
Having in hand the numerical results of the structural 
analysis process, one may graphically interpret such results 
in a number of ways according to the application. 
Description of such graphical interpretations may be 
considered as a description of fronds in formex plots. 
Hence, one may code such graphical interpretations and write 
Fortran routines which may be used through Formian as user1s 
defined retrocords. The next step is to produce formex plots 
of the related formices using such a user's defined 
retrocord, in the manner explained in Chapter 4.
6.5 GRAPHICAL REPRESENTATIONS OF DISPLACEMENTS
One may find many possible ways to graphically represent 
displacements. For example, four possibilities are described 
in this Section, and referred to as fronds Al, A2, A3 and A4. 
These fronds have the shapes shown in Fig 6.5.1. The numbers 
enclosed by circles in Fig 6 .5.1.a represent the displacement 
under consideration of the related nodel point determined to 
the nearest integer (say to the nearest millimetre). The 
negative sign indicates that the displacement is along the 
negative direction of the related global axis. The numbers 
shown in Fig 6.5.1.b represent the percentage of the 
displacement at each point with respect to the maximum 
displacement in the structure.
Fig 6.5.1.C shows a graphical representation of frond A3 
where a displacement diagram is considered. The scale to 
which the displacement is drawn may be selected by the user.
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Figure 6.5.1.d shows fronds which represent the deformed 
shape of each member. Such a deformed shape may be 
represented by connecting the two nodel points of each member 
by a straight line. For example, the positions of the nodel 
points can be determined in terms of a trifect retronorm 
through the coordinate equations :
X = (bl*Ul)+(Sx*Dx),
Y = (b2*U2)+(Sy*Dy)
and
Z = (b3*U3)+(Sz*Dz)
where
Dx, Dy and Dz are the displacements along the x, y and
z axes of the object coordinate system, 
respectively
and
Sx, Sy and Sz are exaggerating factors along the x, y
and z coordinate axes of the object 
coordinate system, respectively.
One may select any of the above retrocords to represent the 
deformations of. the structure and a formex plot representing 
such a structure may be viewed and displayed using such 
fronds in order to display a picture of the plot, as will be 
exemplified in the sequel.
6 . 6  GRAPHICAL REPRESENTATIONS OF FORCES AND MOMENTS
Figure 6.6.1 shows a number of graphical representations 
which may be used to represent an axial force in a member of 
a skeletal system. These graphical representations are 
referred to as fronds Bl, B2, B3, B4, B5, B6 and B7,
according to their serial position in Fig 6.6.1 starting from 
top to bottom (a to g).
In the case of frond Bl, the magnitude of the axial force in
the member is written together with a straight line which
represent the member. A positive number indicates that the 
corresponding member is in tension and a negative number 
indicates that the member is in compression. The mumbers are 
written to the nearest integer number (say to the nearest 
KN) .
Frond B2 is similar to frond Bl except that in the case of 
frond B2, the number which is written on the member shows the 
magnitude of the force in the member as a percentage of 
either the maximum tensile or the maximum compressive force 
in the structure depending on the type of the axial force in 
the related member.
Frond B3 is similar to frond Bl, and frond B4 is similar to 
frond B2, except that in the cases of fronds B3 and B4,
arrows are shown on the members. The direction of the arrows
helps in visualizing which members are in compression and 
which are in tension. Frond B5 shows each frond as a
straight line with arrows only.
Another technique is used in the case of frond B6 where a 
tensile member may be represented by a straight line, an 
unstressed member by a dotted line and a compressive member 
by a dashed line.
In the case of frond B7, an unstressed member is represented 
by a single straight line. A stressed member is represented 
by a diagram which indicates both the type and the magnitude 
of the stress in the relevant member. The diagram is centred 
around the member and the magnitude is measured using a scale 
specified by the user. Tensile members are represented by 
lines which are spaced at smaller distances than in the case 
of the compressive members.
A third group of fronds related to graphical representation 
of structural analysis results are shown in Fig 6.6.2. These
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fronds are referred to as fronds Cl, C2 and C3. The fronds 
Cl, C2 and C3 may be used in producing graphical 
representations in forms of diagrams of shear forces, 
torsional moments and bending moments, respectively. Each 
graphical representation is shown in this figure together 
with the forces/moments that it represents.
6.7 NUMERICAL EXAMPLES
Two numerical examples are considered in this Chapter. Both 
structures which are considered in these two examples are 
skeletal structures, and analysed using the standard 
stiffness method of analysis. The linear elastic behaviour 
only of these structures is considered. In the first 
example, a single layer grid is considered and in the second 
example a double layer grid is considered. The joints of the 
single layer grid are assumed to be rigid and in the case of
the double layer grid the joints are assumed to be pinned.
6.7.1 EXAMPLE 1
A plan view of the structure which is considered in this 
example is shown in Fig 6.7.1 where the supported points are 
shown as little solid circles and the loaded points are 
indicated by asterisks. All supports are assumed to be fixed 
against displacement in three directions and free in 
rotational directions. All the loads are assumed to be point 
loads acting along the negative direction of the global 
z-axis, and each of a magnitude Of 1 KN. The grid consists 
of 556 members and 280 joints.
The structure may be represented by the formex
FGRID = Pexj FI # F2 # F3 # F4
where
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PI = rinid(16,8,2,2)j{[1,2,0; 2,1,0],[2,3,0; 3,2,0]},
F2 = rinid(16,8,2,2,)|{[2,1,0; 3,2,0],[1,2,0; 2,3,0]},
F3 = rinid(15,2,2,16)j[2,l,0; 4,1,0]
and
F4 = rinid(2,7,32,2)|[1,4,0; 1,2,0].
The node numbering system may follow the order of appearance 
of the cantles in the ingot
NGRID = pex|rin(1,16,2)[N1
where
N1 = N2 # N3 # N4,
N2 = rin(2,8,2)J[1,2,0],
N3 = rin(2,9,2)|[2,1,0]
and
N4 = rin(2,8 ,2)([3,2,0].
Figure 6.7.2 shows a plan view of the structure under 
consideration where the node numbers.; are written at each 
corresponding node.
The members connectivity list may be obtained using the 
formex
GGRID = dic(NGRID)jFGRID.
The supports may be represented by the ingot
51 = pex|lamid(17,9)jS2
where
52 = {[1,6],[1,2],[2,1],[8,1],[14,1],[8,9],[14,9]} .
The applied loads may be represented by the ingot
h = {[6 ,3],[14,3],[24,3],[31,10],[8,15],[20,15]} .
All members of the grid have the following properties
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is the cross-sectional area,
is the second moment of area of the cross-section 
about the member x axis,
is the torsion constant of the cross-section of 
the member,
is the modulus of elasticity of the material in 
tension and compression
is the modulus of elasticity of the material in 
shear.
Figure 6.7.3 shows a plan view of the structure showing the 
vertical deflection (deflection along the z-axis of the 
object coordinate system) the magnitude of the deflection at 
each joint is written at the corresponding joint. The 
deflections are written to the nearest millimetre. Figure
6.7.4 serves the same purpose as Fig 6.7.3 but in this case 
the numbers representing the vertical deflections are 
enclosed by a circle. In other words, Fig 6.7.3 is produced 
using the frond A1 with a circle of zero diameter and Fig
6.7.4 is produced using a similar frond but this time with a 
circle of 7 mm diameter.
Frond A2 is used in producing Fig 6.7.5, where the vertical 
deflection at each node is shown as a percentage of the 
maximum deflection in the structure. One can easily find out 
that the node showing -100% in Fig 6.7.5 corresonds to a node 
showing 9 mm downward deflection in Fig 6.7.4 which is the 
maximum downward deflection in the structure calculated to
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the nearest mm.
Figure 6.7.6 shows a diagram of the vertical deflection of 
the structure under consideration, where the scale used in 
producing this diagram equals to 1. Hence, 1 mm deflection 
on the diagram corresponds to 1 mm deflection of the 
structure.
Frond Cl is used in producing Figs 6.7.7 and 6.7.8 where 
these figures show a shear force diagram in each member of 
the structure. The scale used in producing both figures is 
0.01. That is, each 1 mm on the diagram is equivalent to 100 
N on the structure.
The torsional moment diagrams (torque diagrams) in each 
member of the structure are shown in Figs 6.7.9 & 6.7.10 
where the Frond C2 is used in producing these figures. The 
scale chosen in this . case is 0.01. Hence, 1 mm on the
diagram corresponds to 1 0  0 Nm on the structure.
Figures 6.7.11 & 6.7.12 show bending moment diagrams in the 
structure. The scale used in this case is 0.01. That is, 1 
mm on the diagram corresponds to 100 Nm in the structure.
A parallel view of a basitrifect plot of the formex which 
represent the structure under consideration is shown in Fig 
6.7.13. This figure may represent the undeformed ' shape of 
the structure. ie. the shape of the structure before
applying the external loads.
Figure 6.7.14 shows a parallel view of a trifect plot of the 
formex which represent the structure under consideration. 
The plot is produced using the coordinate equations :
X = U1+(100*Dx),
Y = U2+(100*Dy)
and
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Z = U3+(100*Dz).
This figure represents the deformed shape of the structure. 
That is, the structure after applying the external loads. An 
exaggeration factor of 1 0 0 is used in producing this figure.
The plots shown in Figs 6.7.13 and 6.7.14 are shown combined 
in Fig 6.7.15. This figure can be used as an aid to 
visualize the difference between the undeformed and the 
deformed shapes of the structure. The plot representing the 
undeformed shape is shown in dashed lines and the plot 
representing the deformed shape is produced using continuous 
lines.
6.7.2 EXAMPLE 2
A double layer grid is considered in this example. A plan 
view of a Zygmunt plot which represent^ the grid is shown in 
Fig 6.7.16 where the members in the top layer are drawn in 
continuous lines, the diagonal members are drawn in dotted 
lines and members in the bottom layer are drawn in dashed 
lines. The joints in the top layer are shown as little 
hollow circles and the joints in the bottem layer are shown 
as little solid circles.
Figure 6.7.17 shows a plan view of the grid under 
consideration where the supported points are shown as little 
solid circles and loaded points are shown as little squares. 
All suports are assumed to be fixed against displacement in 
three directions and free in rotational directions. All the 
loads are a'ssumed to be point loads located at certain joints 
of the top layer. All loads are acting along the negative 
direction of the global z-axis, and each of a magnitude of 30 
KN. The grid consists of 1228 members and 337 joints.
The structure may be represented by the formex
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DLGRD = DLB # DLD # DLT 
where
DLB is a formex representing the bottom layer,
DLD is a formex representing the diagonal members
and
DLT is a formex representing the top layer.
The formex which represents the bottom layer may take the
form
DLB = pex[ B1#B2 
where
B1 = rinid(13,5,2,2)|{[2,2,0? 3,3,0],[3,3,3; 4,4,0]}
and
B2 = rinid(13,5,2,2)J{[2,4,0? 3,3,0],[3,3,0; 4,2,0]}.
The formex that represents the diagonal members may take the 
form
DLD = pex| D1#D2#D3#D4 
where
D1 = rinid(14,6,2,2)|{[1,2,1; 2,2,0],[2,2,0; 3,2,1]},
D2 = rinid(13,5,2,2)J{[2,3,1? 3,3,0],[3,3,0; 4,3,1]},
D3 = rinid(14,6,2,2)|{[2,3,1? 2, 2,0],[2, 2, 0; 2,1,1]}
and
D4 = riid(13,5,2,2)[{[3,2,1? 3,3,0],[3,3,0? 3,4,1]} .
The formex which represents the top layer may take the form
DLT = pex| T1#T2#T3#T4 
where
T1 = rinid(14,6,2,2)|{[2,1,1; 3,2,1],[1,2,1; 2,3,1]},
T2 = rinid(14,6,2,2)|{[1,2,1; 2,1,1 ] , [ 2, 3,1; 3,2,1]},
T3 = rinid(13,2,2,12)|[2,1,1; 4,1,1]
and
T4 = rinid(2,5,28,2)![1,2,1; 1,4,1].
OJO
The node numbering system may follow the order of appearance 
of the cantles in the ingot
DLN = pex| N1#N2#N3 
where
N1 = pex[rin(1,13,2)(N4,
N2 = tran(1, 26) [rin(2,6,2)|{[2,1,1],[2,2,0],[2,3,1]},
N3 = tran(l,28)(rin(2,6,2)|[1,2,1],
N4 = pex| N5#N6#N7,
N5 = rin(2,6,2)J[1,2,1],
N6 = rin(2,6,2)]{[2,1,1],[2,2,0],[2,3,1]}
and
N7 = rin(2,5,2)|{[3,2,1]([3,3,0],[3,4,1]}.
A plan view of the structure is shown in Fig 6.7.18 where the 
node numbers are written at each corresponding node.
The members connectivity list may be obtained using the 
formex
DLG = die(DLN)|DLGRD.
The supports may be represented by the ingot
T1 ={[2, 2,0], [2,12,0],[10,2,0],[10,12,0],[20,2,0]
[20,12,0],[28,2,0],[28,12,0]}.
The applied loads may be represented by the ingot
T2 = {[7,8,1],[9,6,1],[12,11,1],[14,9,1],[17,6,1],
[19,8,1],[22,5,1],[22,11,1],[25,8,1],[26,5,1]}.
All members of the grid have the following properties :
A = 632 mm2
and
E = 207 GPa.
J J  /
Figures 6.7.19 and 6.7.20 show plan views of the structure 
showing the vertical deflection (deflection along the z-axis 
of the object coordinate system) the magnitude of the 
deflection at each joint is written at the corresponding 
joint where Fig 6.7.19 shows the joints in the top layer and 
Fig 6.7.20 shows the joints in the bottom layer. The 
deflections are written to the nearest millimetre.
Frond A2 is used in producing Figs 6.7.21 and 6.7.22, where 
the vertical deflection at each node is shown as a percentage 
of the maximum deflection in the structure. Figure 6.7.21 
shows the deflection at the nodes in the bottom layer and Fig 
6.7.22 shows the deflections at the nodes in the top layer. 
One can find out that the node showing 100% in Fig 6.7.22 
corresponds to a node showing 2 mm upward deflection in Fig 
6.7.20 which is the maximum upward deflection in the 
structure, calculated to the nearest millimetre. 
Furthermore, one can find out that the node showing -100% in 
Fig 6.7.22 corresponds to a node showing 10 mm downward 
deflection in Fig 6.7.20 which is the maximum downward 
deflection in the structure calculated to the nearest mm.
Figures 6.7.23 and 6.7.24 show vertical deflection diagrams 
of the structure under consideration, where Fig 6.7.23 shows 
the vertical deflection diagram of the bottom layer and Fig 
6.7.24 shows the vertical deflection diagram in the top 
layer. The scale used in producing these two figures is 
0.25. Hence, 1 mm deflection on the diagram corresponds to 
4 mm deflection of the structure.
Frond B1 is used in producing Figs 6.7.25, 6.7.26, 6.7.27 and 
6.7.28 where the figures show members of the structure 
together with numbers showing the amount of the axial force 
in the structure. The axial forces are calculated to the 
nearest KN where a positive number indicates that the related 
member is in tension and a negative number indicates that the 
related member is in compression. Figure 6.7.25 relates to

o~rci
Fi
g 
6
.
7
.
2
0
341
Fi
g 
6.
7.
21
Fi
g 
6.
7
.
2
2
343
Fi
g 
6.
7
.
2
3
Fi
g 
6.
7.
21
Fi
g 
6
.
7
.
2
5
346
SI S) 8 8 8 8
8
1
to
CM to to
8
1 8
8
1 8 f 2
3 8
1
N
8
7 to 7 8 Cl1 8 81 8
8
7 CM
10
1 f
to
7 8 I*1 8 8 81 81 8 f1
CM
10
1 Cl 63
8
1 8 CM - 8
8
1 -
8 CM
t*
1 8 CM 8 8 7 8 -
10
1 7' N to Cl 8 8 8t 8 8 f1
f 107 CM f 8 Cl - 81 8 81 8
-
2
3 f
CM to 00 8 8 CM
8
8 2
2 7
-
2
6
N to
8 8
1 8 8 8 - CM
8
V
to 8
1 00 to
r
I Cl 8 r 8
8
1
CM
to
T 7 V 8 Cl *• 8i 8 81 8 7
Cl cm
1
CM
1
Cl
i 8 8
8
7 - 81 8 8
to
t CD
10
1 8
Cl
t
f
1 CM
8
1 7 8 81
8
Cl
1 s
Cl
7 CMI _ T 8 81 7 8
n - 7
r
7 10 rI 8 81 7 8 f
7
CM
7 f1 8 ft 8 7 f rt 7 81
to
0)
7 CM 7 8 8 r 8 8 V 8
to
Cl
i
to
CM IO 8 Cl 8 8 t* 8
8
r
7
8
i
8 to 8 Cl 8
8
1 8 8
8 »*
i
to 7 8 CM 8 8 81 8 8 81 8
to
1 - - 8 81 f 8 - 8 CM ?
f - 7 8 81 8 7 f' 7 8 CM
CM
1 7 t- rI 8 7 8 81 8 7 CM1
CM CM
10
1 t* 7 8 8 8 81 CM CM
8
i
8
7 CM 8 8 CM1 f -• CM
8
7 fI
r
CM
CM r
T
1 CM
r
i 8 8 - M*
s C9 8 ® 8 8
Fi
g 
6
.
7
.
2
6
u  I /
e -33 13 -18 11 -1 0 8 -17 11 -36 0
-8 5 -3 -3 -2 0 -2 0 6 -10
e 3 11 -7 1 -3 -2 -13 -16 11 2 0
-2 3 -15 9 -3 -13 10 -1 1 -3
e -2 1 -3 2 -1 -7 1 -1 5 -1 0
3 6 -6 -1 -5 -5 5 -1 3 -1
0 -9 -8 -6 -3 -7 -3 -13 -20 8 -2 0
-18 8 -12 0 -5 -3 3 -8 1 -21
0 -53 7 -22 1 -5 -7 1 -18 2 -15 0
-21 10 -22 7 0 -11 3 -12 8 -21
0 0 8 -13 5 -1 -3 3 -13 8 0 0
-1 1 -5 6 -10 2 8 -11 3 -3
0 -1 6 0 3 0 1 7 -2 5 -5 0
-3 6 6 7 1 -1 6 -1 3 -2
0 -6 8 -6 -8 6 -1 6 -1 5 -1 0
1 8 1 3 3 -5 6 -5 2 -1
0 -8 -1 -1 -3 -1 -5 2 -9 7 1 0
-18 17 -8 1 -1 -2 2 -9 9 -17
0 -11 6 -17 3 -8 -2 2 -11 0 -33 0
-16 -1 -12 3 -13 1 2 -18 0 -11
0 -3 2 -10 3 -5 -1 2 -9 3 -2 0
-3 2 -15 3 0 -13 2 -7 1 -2
0 -1 2 -1 2 -1 -6 2 -3 1 0 0
-1 0 -3 1 -2 -1 1 -1 0 -1
0 1 6 -1 -2 -2 -3 -2 -2 6 2 0
-1 -1 0 -3 0 0 -3 0 0 -1
0 -18 6 -9 5 -1 -1 5 -8 5 -1 6 0
Fi
g 
6
.
7
.
2
7
Fi
g 
6
.7
.2
8
members in the bottom layer, Figs 6.7.26 and 6.7.27 relate to 
diagonal members and Fig 6.7.28 relates to members in the top 
layer.
Frond B2 is used in producing Figs 6.7.29, 6.7.30, 6.7.31 and 
6.7.32 where these figures show members of the structure 
together with numbers showing the magnitude of axial forces 
in the members. The axial forces are shown as a percentage 
of either the maximum tensile or compressive force in the 
structure depending on whether the member is under tension or 
compression. Figure 6.7.29 relates to members in the bottom 
layer, Figs 6.7.30 and 6.7.31 relate to diagonal members and 
Fig 6.7.32 relates to members in the top layer. One may find 
out that the member showing 100% in Fig 6.7.29 corresponds to 
a member showing 31 KN in Fig 6.7.25 which is the maximum 
tensile force in the structure, calculated to the nearest KN. 
Furthermore, one may find out that the member showing -100% 
in Fig 6.7.31 corresponds to a member showing -53 KN in Fig 
6.7.27 which is the maximum compressive force in the 
structure, calculated to the nearest KN.
Figures 6.7.33, 6.7.34, 6.7.35 and 6.7.39 are similar to 
Figures 6.7.25, 6.7.26, 6.7.27 and 6.7.28 except that frond
B3 is used in producing Figs 6.7.33, 6.7.34, 6.7.35 and
6.7.36. That is, arrows are shown on each member as a mean
to distiguish between tensile and compressive members.
Similarly, Figs 6.7.37, 6.7.38, 6.7.39 and 6.7.40 are similar 
to Figs 6.7.29, 6.7.30, 6.7.31 and 6.7.32' except that frond
B4 is used in producing Figs 6.7.37, 6.7.38, 6.7.39 and
6. 7.40.
Figure 6.7.41 is produced using frond B5. In this figure 
arrows are shown on each member of the structure. These 
arrows are used to indicate whether the member is under 
tension or compression.
Frond B6 is used in producing Fig 6.7.42 where the members of
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the structure are shown in different line styles to indicate 
that the members are under different type of stresses. A 
straight line is used to indicate that the related member is 
under tension , a dashed line indicates that the member is 
under zero stress and a dotted line indicates that the member 
is under compressive stress.
Diagrams of the axial forces in members of the structure are 
shown in Figs 6.7.43, 6.7.44, 6.7.45 and 6.7.46. Frond B7 is 
used in producing these diagrams. Figure 6.7.43 relates to 
members in the bottom layer, Figs 6.7.44 and 6.7.45 relate to 
diagonal members and Fig 6.7.46 relates to members in the top 
layer. The tensile members are distiguished from the 
compressive members by making the shading lines at a smaller 
interval than the one used in the case of the compressive 
members. The scale used in these figures is 0.1. Hence, 1 mm 
axial force on a diagram represents 10 KN on the structure.
A parallel view of a basitrifect plot of the formex which 
represent the structure under consideration is shown in Fig
6.7.47. This figure may represent the undeformed shape of
the structure.
Figure 6.7.48 shows a parallel view of a trifect plot of the 
formex which represent the structure under consideration. 
The plot is produced using the coordinate equations :
U1+(100*Dx),
U2+(100*Dy)
U3+(100*Dz).
This figure represents the deformed shape of the structure. 
That is, the shape of the structure after, applying the
external loads. An exaggerating factor of 100 is used in
producing this figure. A similar plot is shown in 
Fig.6 .7.49, where an exaggerating factor of 200 is used.
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CONCLUDING REMARKS
It has been shown that formex algebra is a powerful tool in 
solving many problems which are associated with the 
preprocessing stage of structural analysis and its power 
extends to cover the postprocessing stage too.
The formex approach to data generation for structures may be 
divided into two distinctive stages. In the first stage, a 
formex which represents the interconnection pattern of a 
structural configuration is formulated. A set of retrocords 
and a retronorm are employed in the second stage to give the 
geometrical characteristics of the structure under
consideration.
In this work, the capabilities of formex graphics are 
illustrated through the use of groups of retrocords. 
Retrocords have been divided into two major types: standard
and user's defined retrocords. In an analogous manner, 
retronorms may be divided into standard and user's defined 
retronorms. The standard retronorms are those discussed in 
Chapter 2 and user's defined retronorms may consist of any 
number of coordinate equations expressed in terms of any of 
the unifect, bifect, trifect, polar, cylindrical or spherical 
retronorms.
As suggestions for future work, the following points1 are put 
forward:
Firstly, the formex approach presented in this work may also 
be applied in other fields. Structural design, structural
drafting, geomechanics and architecture are promising fields 
of application.
Secondly, the applications of formex graphics were expressed 
in terms of Formian USE-items. Hence, the limited 
capabilities of the current version of Formian have limited 
the types of examples that could be considered. For 
instance, data was inputed through an old fashioned keyboard. 
Extending Formian to be able to accept data through other 
input techniques, such as tablet digitizer or light pen, will 
decrease the amount of time and effort needed for data 
generation. in other words, a more powerfull version of 
Formian means certainly a wider range of applications.
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